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GUTHRIE COUNTY SOILS'
B y  P . E . B row n , C. L. Orrben, H . E . M eldrum and  A . M . O’N eal
Guthrie County is located in the west central part of Iowa, in the fourth tier 
of counties north of the Missouri state line and in the fourth tier east of the
Missouri River. It is partly in the Wiscon­
sin drift soil area and partly in the Missis­
sippi loess, the Missouri loess and the South­
ern Iowa loess soil areas. The soils are, 
therefore, partly of glacial origin and partly 
of loessial origin, loess types representing all 
three loess areas occurring in the county.
The total area of Guthrie County is 595 
square miles, or 380,800 acres. Of this area, 
365,675 acres or 96 percent, are in farm land. 
The total number of farms is 2,325 and the 
average size of the farms is 157 acres. Owners operate 37.4 percent of the 
total farm land and renters the remaining 62.6 percent. The following figures 
taken from the Iowa Yearbook of Agriculture for 1932 show the utilization of 
the farm land in the county:
Acreage in general farm c r o p s .............................................................................225,941
Acreage in farm buildings, public highways and feedlots............................  16,548
Acreage in pasture ..... . . . .......      116,927
Acreage in waste land not utilized for any purpose.......................................  4,641
Acreage in farm woodlots used for timber only ............................................  3,172
Acreage in crop land lying idle ........................................................................  225
Acreage in crops not otherwise listed .............................. .     107
T H E  T Y P E  OF A G R IC U LTU R E IN G U TH R IE C O U N TY
The type of agriculture practiced in Guthrie County at the present time con­
sists of general farming, including the raising and feeding of hogs, dairying, 
the raising and feeding of beef cattle, some sheep and considerable poultry, 
along with the production of such general farm crops as corn, oats and hay. 
The income on most farms comes mainly from the sale of hogs and other live­
stock and the surplus grain crops. There are many strictly livestock farms 
and on these the crops produced are fed. Dairy farming is practiced to a large 
extent in some parts of the county, and some farms are devoted exclusively 
to dairying. The hog industry is, however, the source of most of the income 
of the county. The income from beef cattle comes second in some sections, and 
that from dairying second in other parts of the county. Poultry and poultry 
products provide considerable income on many farms. The sale of surplus 
crops adds much to the income on some farms, but there is no large sale of 
crops out of the county.
i  See Soil Survey of Guthrie County, Iowa, by C. L. Orrben and A. M. O’Neal of the Iowa Agricul­
tural Experiment Station and A. M. Hasty and W. C. Boatright of the U. S. Department of Agricul­
ture. Field Operations of the Bureau of Chemistry and Soils. Series 1929. Project No. 240 of the 
Iowa Agricultural Experiment Station.
Fig. 1. Map showing location o f 
Guthrie County.
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There is a considerable acreage of waste land in the county, and much of it 
might be reclaimed and made productive with proper methods of soil manage­
ment. General recommendations for reclaiming waste areas cannot be given 
as the causes of infertility are so variable in different areas. Later in this re­
port suggestions will be offered for the treatment of unproductive areas of the 
various soil types which are mapped. In special cases where the conditions 
are entirely abnormal, advice regarding the handling of infertile areas may be 
obtained from the Soils Subsection of the Iowa Agricultural Experiment Sta­
tion, upon request.
T H E  CROPS G R O W N  IN G U TH R IE  C O U N TY
The general farm crops grown in Guthrie County in the order of their im­
portance are corn, oats, hay, alfalfa, barley, potatoes, wheat, rye, soybeans, 
sweet clover, flax and seed of various crops. The acreage, yield and value of 
these crops are given in table 1.
Corn is the most important crop grown, both in acreage and value. In 1932 
it was grown on 34.92 percent of the total farm land, and average yields 
amounted to 43 bushels per acre. The yields obtained vary widely on the 
different soil types, ranging, according to farmers’ estimates from 85 bushels 
per acre on the well-drained heavy, rich uplands down to about 15 to 20 bushels 
per acre on the light-colored cleared woodlands and steep slopes. About 90 
percent of the corn grown is harvested for grain and the remainder is either
TABLE 1. ACREAGE, YIELD  AND VALUE OF PRINCIPAL CROPS GROWN IN
GUTHRIE COUNTY, IOWA*
Crop Acreage
Percentage 
o f total 
farm land 
o f county
Bushels 
or tons 
per acre
Total 
bushels 
or tons
Average
price**
Total 
value of 
crops
Corn .................................. 127,708 34.92 43.0 5,491,444
1,853,915
$0.12 $658,973
Oats .................................. 59,921 16.39 30.9 0.10 185,392
Winter wheat ................. 1,061 0.29 14.5 15,385 0.33 5,077
Spring wheat ................. 107 0.03 13.2 1,414 0.33 467
Barley ................................ 4,138 1.13 17.9 74,019 0.20 14,804
Rye .................................... 102 0.03 12.4 1,267 0.24 304
Clover hay*** ................. 6,449 1.77 1.38 8,900 6.00 53,400
Timothy h a y ........ ..
Clover and timothy hay
3,925 1.07 0.95 3,729 4.50 16,781
(mixed)*** ................. 9,280 2.54 1.30 12,064 6.00 72,384
Alfalfa ........ .................... 3,979 1.07 2.50 9,948 8.00 79,584
All other tame hay........ 2,539 0.69 1.22 3,108 6.00 18,648
Wild hay .........................
Soybeans sown with
1,022 0.28 1.34 1,369 4.50 6,161
other c ro p s ................... 47 0.01
Soybeans sown alone.. . .  
Soybeans harvested for
524 0.14
1,264beans ........................... 184 0.05 16.4 3,010 0.42
Potatoes ......................... 215 0.06 115.0 24,725 0.37 9,148
Flax s e e d ......................... 95 0.02 6.0 570 1.00 570
Timothy seed . . . . . . . . . 3,182 0.87 4.0 12,578 0.95 11,949
Clover se e d ....................... 1,244 0.31 0.82 1,024 6.00 6,144
Sweet clover s e e d ........... 148 0.04 2.2 , 331 3.00 993
Sweet clover**** ........... 450 0.12
♦Iowa Yearbook of Agriculture, 1932.
♦♦Average state farm value Dec. 1, 1932, except timothy and alfalfa hay, clover seed, sweet clover 
seed and flax seed prices which are estimated.
♦♦♦Sweet clover not included. .
♦♦♦♦All varieties for all purposes.
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hogged-down or used for silage. Corn is a easli crop in the northeastern 
part of the county, but in other parts it is used entirely for feed. The cash 
corn is marketed at local grain elevators or trucked to dairy and beef cattle 
sections.
Oats rank second in importance. In 1932 they were grown on 16.39 percent 
of the total farm land, and average yields amounted to 30.9 bushels per acre. 
On the better soils and in favorable seasons the yields may be much higher. 
Oats are best suited to the lighter-textured soils like the Carrington loam, 
Clarion loam, Tama silt loam and Grundy silt loam. On the heavy soils like 
the Webster silty clay loam, oats have a tendency to produce a rank strawy 
growth, causing the crop to lodge. The development of the stiff-strawed var­
ieties has largely obviated this difficulty, and oats may be successfully grown 
now on any of the soils. The grain is fed to work animals or ground and fed 
to dairy cattle and hogs. Practically none of the crop is sold out of the county.
The hay crop is the third in acreage and value. Clover and timothy mixed 
is the most important hay crop. It was grown on 2.54 percent of the farm 
land in 1932, and average yields of 1.30 tons per acre were obtained. Clover 
alone was grown in 1932 on 1.77 percent of the farm land with average yields 
of 1.38 tons per acre. Timothy was grown alone on 1.07 percent of the farm 
land in that year and average yields of 0.95 ton per acre were reported. 
Timothy and clover meadows are generally located on hillsides which are more 
or less subject to erosion when they are cultivated. Hay is cut from these 
meadows for 2 or 3 years after which the fields are pastured until the stand 
becomes too thin. Some clover seed and some timothy seed are produced, 
largely for home use, and any surplus is sold locally to neighbors or at the 
local elevators.
Alfalfa is grown to a considerable extent. In 1932 it was raised on 1.07 
percent of the total farm land, and average yields of 2.50 tons per acre were 
reported. It is an extremely valuable crop and may be grown successfully 
provided the soil, if acid, is limed and the crop is well-inoculated. It cannot 
i be grown on acid soils. Some sweet clover is grown in the county, but it is 
not an important crop as yet. It might be grown much more extensively in 
many cases, as it makes excellent pasturage and is a valuable crop for seed and 
for green manure purposes. This crop will not grow on acid soils.
Barley is grown to some extent and is increasing in acreage. It was grown 
in 1932 on 1.13 percent of the total area of farm land. It averaged 17.9 bush­
els per acre in that year. The grain is used as a supplement to corn in the 
ration and is available for use in late summer and late fall.
Wheat is sometimes grown as a cash crop. In 1932 winter wheat was grown 
on 0.29 percent of the farm land, with average yields of 14.5 bushels per acre. 
Spring wheat is grown only very infrequently. The wheat produced is sold 
at the local elevators.
Other crops grown to a limited extent include rye, soybeans, flax and pota­
toes. Some wild hay is produced, especially on the poorly drained areas and 
bottomlands. In 1932 this crop was grown on 0.28 percent of the total farm 
land, with average yields of 1.34 tons per acre. Potatoes are grown on prac-
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tically all farms, largely for home consumption. In 1932 the average yield 
per acre was reported as 115 bushels per acre. Some other special crops are 
grown, such as vegetable crops and small fruits, and some tree fruits. These 
are produced for home use and any surplus is disposed of on the local markets.
T H E  L IV E ST O C K  IN D U ST R Y IN  G U TH R IE CO U N TY
Hog raising is the chief livestock industry, and every farmer raises some hogs, 
the number depending upon the supply of feed. The smallest numbers are 
raised in the cash-grain section east of the Middle Raccoon River. According 
to the 1930 census the number of hogs on farms on April 1, was 88,821. The 
greater numbers of hogs are raised in the northeastern part of the county 
mainly because of the greater acreage of corn there. Hog raising is carried 
on in connection with the various cattle enterprises. On the dairy farm large 
numbers of hogs are raised to consume the skimmilk produced, and on the beef 
cattle farm, the hogs follow the cattle in the feedlots. Duroe Jersey, Hamp­
shire, Poland China and Tamworth are the favorite breeds. The usual prac­
tice is to select brood sows from the herd and breed them to a purebred or 
good grade sire. The hogs raised and fattened are sold on the Chicago and 
Omaha markets.
The dairy industry and the beef cattle enterprise are equally important in 
Guthrie County. Dairying is of greatest importance in the western, northwes­
tern and southern parts of the area. Every farm has some good grade milk 
cows, the number depending upon the pasture area, the hay available and the 
supply of grain. Herds range in size from 5 to 30 cows. The breeds preferred 
are Holstein-Friesian, Brown Swiss, Jersey and Guernsey. Most farms are 
not equipped to care for more than 10 to 15 cows. Here the milk is separated, 
the cream sold to the creameries and the skimmilk fed to the hogs. The larger 
dairy farms have modern equipment and all facilities for handling the dairy 
products. The cream and milk are sold at the local produce houses and co­
operative creameries. The dairy industry provides a large source of income 
on the farms of the county. It is estimated that the value of the dairy products 
in normal times in Guthrie County exceeds $500,000 annually.
The beef cattle industry prevails in the section of the county, extending 
diagonally southeast from Bayard to the center of the county, and in Bear 
Grove Township in the western part. A  few beef cattle are raised in the coun­
ty, but most of them are bought as feeders on the Omaha, Denver and Sioux 
City markets, or direct from the ranges. The finished cattle are sold on the 
Chicago, Omaha and St. Joseph markets. Shorthorns, Herefords and Angus 
are the breeds most commonly raised, ranking in the order named. Many 
grades are fed, but the better grades are preferred for feeding purposes. The 
average number of beef cattle of all breeds fed and sold annually is approxi­
mately 35,000. The income from the beef cattle enterprise is considerable.
Sheep raising is of little importance. A  few head are kept on some farms, 
especially where there is considerable rough land. Less than 6,000 head are 
kept on the farms annually.
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From 4 to 10 horses and mules are found on the farms, serving as work 
animals. The number kept depends largely upon the size of the farm and the 
amount of land under cultivation.
The poultry industry is of considerable importance. Every farmer raises 
chickens as a sideline. Eggs and poultry are marketed at the stores and 
local produce houses. The value of poultry, including chickens, ducks, geese 
and turkeys, in 1929 was $387,393 and the value of chicken eggs was $455,386 
according to the census. The income from poultry adds much to the normal 
income on the farms.
T H E  F E R T IL IT Y  C O N D ITIO N  OF G U TH R IE C O U N TY SOILS
In general the fertility condition of the soils in Guthrie County is quite sat­
isfactory but Unquestionably in many cases much larger crops might be ob­
tained if proper methods of soil management were followed.
In some of the types there is not adequate drainage, and in such cases it is 
necessary that tiling be practiced. The Webster silty clay loam and the 
Webster loam on the drift uplands, the Grundy silt loam on the loess upland, 
the Bremer silt loam and silty clay loam and the Fargo silty clay loam on the 
terraces and the Wabash types on the bottoms may all need drainage. Where- 
ever the drainage is not satisfactory on these types, the installation of a tiling 
system is essential.
The soils of Guthrie County are practically all acid in reaction and therefore 
in need of lime for the best growth of general farm crops and especially le­
gumes. The Webster silty clay loam on the uplands shows some lime content 
in the surface soils, according to the analyses reported later, but this type may 
be and often is acid in reaction in the surface layers, although it contains large 
amounts of lime in the subsoil. The Fargo silty clay loam on the terrace is 
high in lime through the entire soil section, and the surface soil is usually high 
in lime. The other types in the county are acid in reaction in general and 
in need of lime. The Shelby and Clarion types may show some content of lime 
in the lower soil layers and frequently do, but they are mostly quite acid in the 
surface layers. It is necessary therefore to test all the soils in the county, 
except the Fargo silty clay loam for reaction or lime needs and apply the nec­
essary amount of lime for the best growth of farm crops and especially such 
legumes as sweet clover or alfalfa. Large increases in the yields of such crops 
may be obtained by liming acid soils and in the case of new seedings the use 
of lime may mean the difference between a good crop and none at all.
Some of the soil types are fairly well supplied with organic matter and 
nitrogen, but in others the content is low and there is need for additions of 
fertilizing materials supplying organic matter. On the lighter-colored, coarser- 
textured soils, the need for organic matter is quite evident and liberal addi­
tions of materials such as farm manure and green manures are necessary now.
The application of farm manure will prove of large value on all the soils 
of the county. On such soils as the Shelby loam, the Carrington loam, the 
Clarion loam, the Lindley loam, the Clarion fine sandy loam, the Tama and 
Clinton types, and some of the terrace soils, particularly large effects will be 
obtained. But even on the richer, blacker soils, like the Webster, Bremer,
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Fargo and Wabash soils, light applications of manure will prove worth while. 
Large additions should not be made to these soils.
The turning under of legumes as green manures is necessary in order to 
supplement the use of farm manure or to serve as a substitute for it. Wherever 
farm manure is not available in sufficient amounts to permit of regular addi­
tions to all the land on the farm, then the farmer should plan to use a green 
manure in order that the organic matter content of the soil may be kept up. 
On light-colored, poorer soils, the practice of green manuring is more desirable 
than on the richer soils and will bring about greater benefits. The practice is 
worth while on the Shelby, Carrington, Clarion, Lindley, Clinton, Tama, 
Waukesha and O’Neill soils in particular. Crop residues should always be 
thoroughly utilized on the farm as they add considerable amounts of organic 
matter to the land, and they also return some of the valuable plant food consti­
tuents which have been removed by the crops grown.
The phosphorus content of the soils is not high, and it is evident that phos­
phorus fertilizers will be needed in the very near future even if they are not of 
value now. But there is evidence from experiments and the experiences of some 
farmers that such materials might prove beneficial at the present time. The 
use of rock phosphate or superphosphate may lead to distinctly profitable crop 
increases, and while it is impossible to predict which material will have the 
greater effect, it is urged that farmers test both fertilizers under their partic­
ular conditions and thus determine not only the actual value of the use of a 
phosphate but which material will bring about the greater beneficial effect 
and show the more profit.
The value of applications of complete commercial fertilizers has been tested 
in a number of experiments and comparisons made with the effects of super­
phosphate. In general it appears that while such complete fertilizers may 
prove of value in some cases, the application of superphosphate is apt to give 
just as large benefits and as the phosphate is less expensive to apply, it proves 
more economically desirable. Commercial nitrogenous and potash fertilizers 
are not likely to be needed on the soils of this county for general farm crops. 
It is usually cheaper and quite as satisfactory to supply the nitrogen needs of 
the soil by the proper growing and turning under of inoculated legumes as 
green manures. The soils of the county are well supplied with potassium, 
and additions should not be needed now. In small amounts as top dressings 
both of these commercial materials may sometimes be used profitably, but they 
should always be tested on small areas before they are applied to any large area.
There is some erosion in Guthrie County, and some of the types are being 
washed to a serious extent where proper methods of management of the land 
are not being practiced. The Shelby loam, the Lindley loam, the steep phase 
Clarion loam, and the typical Clarion loam and the Carrington loam are likely 
to be eroded. They may be undergoing sheet washing constantly at the pres­
ent time, depending upon the topographic position of the land, the cropping 
system followed and the treatment of the soil. Wherever the destructive effects 
of erosion are evident, it is important that some method be adopted to prevent 
or control the action.
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T H E  G EO LO G Y OF G U TH R IE C O U N TY
The soils of Guthrie County are derived entirely from the glacial and loessial 
deposits and the geological history of the county is of no signficance insofar as 
the soils are concerned. The native bedrock under the land is so deeply buried 
by the drift and loess that it has practically no effect upon the soil conditions. The 
Crawford loam, a residual type is the only soil which has been affected. It 
has been formed partly from limestone rock.
At least twice during the glacial age, great glaciers swept over the surface of 
the land and upon their retreat left behind vast deposits of glacial debris or 
till. The earlier deposits have been largely removed or modified by the later 
deposits and the topographic features which were established after the first 
deposits were mostly obliterated by the later glacier movements. The present 
topographic condition is mainly the result of weathering and climatic effects fol­
lowing the most recent glaciation, and the deposition of the loess covering over 
the land.
The first glacier which swept over the county from the north was the 
Kansan. The till left behind by this glacier consisted mainly of a blue clay 
containing sand, gravel, pebbles, boulders and rock fragments. It varied in 
depth from a few feet to many feet in different localities. The effect of weath­
ering on this deposit has been to change it to a yellow or almost red clay loam 
or clay. Several of the soils of the county are derived in part from this drift 
deposit. The Shelby loam and the Lindley loam are mainly of Kansan origin, 
the former being usually considered to be entirely derived from the Kansan till. 
The Clarion, Carrington and Dickinson types are also affected somewhat by 
the Kansan till, especially the latter soils whose subsoils are probably of Kansan 
origin.
Later in the geological age, a second glacier invaded the county, covering 
the entire area with a deposit of bluish-drab or bluish-gray clay, mixed with 
much sand, gravel and some boulders. When weathered the drift deposit be­
comes darker in color from the accumulations of organic matter, and the oxida­
tion processes change the basic color of the clay to a yellow or yellowish- 
brown. The upper part of the drift deposit now consists of a yellowish-brown 
gritty or fine sandy clay loam or fine sandy clay. The lower layers are a yellowish- 
brown gritty fine sandy loam, streaked with rusty-brown and black iron stains, 
or a pale yellow light textured loam spotted with gray and black. Gravel and 
boulders occur on the surface and throughout the soil section. The upland soils 
of the county are in part derived from this Wisconsin drift deposit. The 
Webster soils have been formed in the level to depressed areas where the 
organic matter has accumulated to the greatest extent and these soils are black 
in color and have a high lime content, always in the subsoils and often up in 
the surface soil. The. Carrington soils have been formed on the undulating to 
gently rolling uplands, and the leaching of the original lime content has been 
quite complete. The soils are now lacking in lime throughout the soil section. 
The Clarion soils occur in a similar topographic position, but the leaching has 
not been so extensive and the subsoils of these types contain some lime. The
10 SOIL SURVEY OF IOW A
Dickinson soils have been formed on rough to rolling areas, and the subsoils 
contain large amounts of sand and gravel. They are entirely leached of their 
lime content.
At some time in geological history when climatic conditions were different 
from the present there was laid down over a part of the county a deposit of 
wind-blown material known as loess. Over much of the area it extends from 3 
to 40 feet in thickness. The original color of the loess was a light grayish- 
yellow to yellowish-brown. Organic matter has accumulated in the loess, and 
it is now quite dark in color, being almost a black in some cases. Considerable 
leaching has occurred, and in most cases the original lime content of this loess 
material has been entirely removed so that the soils are now acid in reaction. 
Sometimes there is lime in the subsoils. Erosion has occurred to a considerable 
extent and in many cases the covering of loess has been largely removed, or even 
entirely so. The depth of the deposit at present is therefore, extremely variable. 
The Tama, Grundy, Clinton and Marshall soils are derived from the loess de­
posits.
The terrace and first bottomlands developed along the various streams of 
the county are formed from loess or drift materials washed down from the 
uplands by the streams and reworked and redeposited. In many cases the 
soils are similar to the adjacent upland soils, but they are often entirely dif­
ferent in characteristics. The Fargo soils on the terraces are high in lime 
content and occur in low, depressed areas. The Bremer soils are heavy and 
black in color, but they contain no lime and are poorly drained terrace types. 
The O’Neill soils are sandy and gravelly in the subsoils and hence drouthy in 
character. The Waukesha and Judson types are dark in color but resemble 
the loess types on the adjoining uplands. The O’Neill, Waukesha and Judson 
soils are lacking in lime. On the bottomlands all the Wabash soils are heavy 
and black in color and contain no lime. They are all poorly drained and sub­
ject to overflow.
P H Y SIO G R A P H Y  A N D  D R AIN AG E
Topographically Guthrie County is divided into two parts, the dividing line 
following the east bank of the Middle Raccoon River. The area northeast of 
the river has a characteristic drift topography. It is generally smooth with 
low rounded swells or elongated ridges. Between the swells there are broad, 
flat, originally marshy areas. Some small ponds or saucer-like basins are 
found. Mosquito Creek and Bays Branch meander sluggishly over wide basins 
with indefinite channels, the water often spreading out over wide areas, form­
ing shallow lakes or marshy bogs. Near the Middle Raccoon River, there are 
more distinct topographic features. The slopes are steep, and valleys have been 
cut for short distances into the uplands.
Southwest of the Middle Raccoon River, the topographic condition is entirely 
different. Here erosion has been very active and the effects are quite evi­
dent. The entire area has been thoroughly cut by streams. The larger rivers 
and creeks have well-developed tributaries fed by numerous smaller streams, 
which provide a drainage system entirely adequate for the region. The slopes 
are steep or abrupt near the larger streams and more gentle along the smaller
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rivers and tributaries. The topography of the area varies from undulating to 
strongly rolling and even rough to steep. The general slope of the area is to­
ward the east and south.
The drainage of the county is brought about by the various tributaries of the 
Raccoon River which empties into the Mississippi River system, except for a 
small section in the southwestern corner of the county where small streams 
drain into the Missouri River, to the west. The chief drainage channels 
are the Middle Raccoon River with its tributaries, Willow Creek and Bays 
Branch, the South Raccoon River with its tributaries, Brushy Fork, Seely 
Creek, Bear Grove Creek, South Beaver Creek, Deer Creek and Long Branch, 
and Middle River. In the northeastern corner of the county the drainage is 
rather inadequate as has been pointed out. In the rest of the county, the 
natural drainage system is very well developed, and the accompanying drain­
age map indicates the drainage system of the county.
Bottomlands are developed along practically all the streams of the county, 
but in the northeastern part, they are narrow and poorly developed. The
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broadest bottomlands are found along the Middle Raccoon River, the South 
Raccoon River and Willow Creek and Brushy Fork. Some rather extensive 
areas of terraces, or second bottomlands are found chiefly along the South 
Raccoon River and Brushy Fork. Most of the terraces are narrow and rela­
tively unimportant.
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T H E  SOILS OF G U TH R IE C O U N TY  
The soils of Guthrie County are grouped into five classes according to their 
origin and location. These are drift soils, loess soils, terrace soils, swamp and 
bottomland soils and residual soils. Drift soils are formed from deposits left 
by receding glaciers and consist of mixtures bf sand, gravel and clay and fre­
quently contain many pebbles and some boulders. Loess soils are fine dust­
like deposits laid down by the wind over the surface of the land, presumably at 
some previous geologic time, when climatic conditions were quite different from 
the present. Terrace soils are old bottomland soils which have been raised 
above overflow by a decrease in the volume of the streams which deposited them 
or by a depression of the river channel. Swamp and bottomland soils are those 
occurring in low, poorly drained areas and along streams. Many of them are 
subject to more or less frequent overflow. Residual soils are those which are 
formed mainly from the underlying bedrock formations. The extent and oc­
currence of these five groups of soils in Guthrie County are shown in table 2.
TABLE 2. AREAS OF DIFFERENT GROUPS OF SOILS IN  GUTHRIE COUNTY
Soil group Acres
Percentage 
o f total area 
o f county
Drift soils ................................. ................................................................ 184,512 48.4
Loess soils .................................................................................................. 132,224 34.6
Terrace soils .............................................................................................. 23^232 6.2
Swamp and bottomland soils.................................................................
Residual soil ..............................................................................................
40,256
576
10.6
0.2
Total...................................................................................... 380,800
Almost one-half of the total area of the county, 48.4 percent, is covered by 
the drift soils. The loess soils are less extensively developed, covering 34.6 per­
cent of the total area. There is a small area of terrace soils, covering 6.2 per­
cent of the county. Swamp and bottomland soils are somewhat more exten­
sive, covering 10.6 percent of the total area. There is only a very limited area 
in residual soil, the one type mapped covering 0.2 percent of the county.
There are 23 individual soil types in the county and these with the steep 
phase of the Clarion loam, the shallow phase of the Tama silt loam, the collu­
vial phase of the Wabash silt loam and the area of peat and muck make a total 
of 27 separate soil areas. There are 9 drift soil areas, 5 loess areas, 7 terrace 
soils, 5 areas of swamp and bottomland soils, and 1 residual soil. The areas 
covered by the various soil types in the county are given in table 3.
The Shelby loam is the largest drift soil and the most extensively developed 
soil type in the county. It covers 25.8 percent of the total area. The Carring­
ton loam is the second largest drift soil and the fourth type in the area cover­
ing 10.7 percent of the county. The Webster silty clay loam is the third larg­
est drift soil, and the sixth type in area in the county, covering 5.9 percent of 
the area. The Clarion loam is much smaller in area, covering only 3.8 per­
cent of the county. The Lindley loam is the next largest drift soil, covering 
1.2 percent of the county. The remaining drift soils, the Webster loam, the 
Clarion fine sandy loam, the steep phase of the Clarion loam and the Dickinson 
fine sandy loam all cover less than 1 percent of the county.
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TABLE 3. AREAS OF DIFFERENT SOIL TYPES IN  GUTHRIE COUNTY
Soil 
legend 
on map
Soil
no. Soil type
Acres
Percentage 
o f total area 
o f county
DRIFT SOILS
s 79 Shelby lo a m ............................................................. 98,496 25.8
c 1 Carrington loam .................................................... 40,576 10.7
Ws 107 Webster silty clay loam........................................ 22,464 5.9
Cl 138 Clarion loam .......................................................... 14,464 3.8
L 65 Lindley lo a m ........................................................... 4,736 1.2
Wm 55 Webster loam ........................................................ 1,856 0.5
Cf 149 Clarion fine sandy loam........................................ 1,216 0.3
Cl 151 Clarion loam (steep phase)................................. 512 0.1
D f 175 Dickinson fine sandy loam................................... 192 0.1
LOESS SOILS
Ts 143 Tama silt loam (shallow phase)......................... 74,432 19.5
Ts 120 Tama silt loam ....................................................... 49,280 12.9
Gs 64 Grundy silt loam........ ........................................... 4,800 1.3
Cs 80 Clinton silt loa m .................................................... 2,816 0.7
Ms 9 Marshall silt loam......................... ......................... 896 0.2
TERRACE SOILS
B1 88 Bremer silt loam.................................................... 6,848 1.8
Wt 75 Waukesha silt loam.......... ..................................... 6,592 1.7
Js 131 Judson silt loa m .................................................... 4,416 1.2
Fs 109 Fargo silty clay loam........................... .. 2,496 0.7
01 108 O’Neill loam ................................................ .. 1,024 0.3
Om 110 O’Neill fine sandy loam........................................ 1,024 0.3
Bs 43 Bremer silty clay loam.......................................... 832 0.2
SWAMP AND BOTTOMLAND SOILS
Wh 26 Wabash silt loa m ............................... .................. 32,192 8.5
Wa 48 Wabash silty clay loam........................................ 4,736 1.2
W1 49 Wabash loam ......................................................... 2,432 0.6
Wh 26a Wabash silt loam (colluvial phase).......... .. 768 0.2
21 Peat and Muck................................................ .. 128 0.1
RESIDUAL SOIL
Cr 1 212 Crawford loam . ..1 576 1 0.2
1 T ota l.. . . 1 380,800 1
The Tama silt loam, shallow phase, is the largest of the loess soils, and the 
second largest individual type in the county. It covers 19.5 percent of the area. 
The typical Tama silt loam is the second largest loess soil and the third type in 
the county. It covers 12.9 percent of the area. The Grundy silt loam is much 
smaller in area, covering 1.3 percent of the county. The Clinton silt loam and 
the Marshall silt loam, the two other loess soils, cover less than 1 percent of the 
area in each case.
The Bremer silt loam is the largest of the terrace soils, but it covers only 1.8 
percent of the county. The "Waukesha silt loam is the next largest terrace soil, 
and it covers 1.7 percent of the area. The Judson silt loam comes next, cover­
ing 1.2 percent of the county. The remaining terrace soils, the Fargo silty 
clay loam, the O’Neill loam, the O’Neill fine sandy loam and the Bremer silty 
clay loam individually cover less than 1 percent of the county.
The Wabash silt loam is the largest of the bottomland soils, and the fifth 
largest type in the county, covering 8.5 percent of the total area. The Wabash 
silty clay loam is the second largest bottomland soil, covering 1.2 percent of 
the county. The Wabash loam, the colluvial phase of the Wabash silt loam and 
the peat and muck, the remaining swamp and bottomland soils, cover less
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than 1 percent of the total area respectively. The only residual soil is the 
Crawford loam, and it covers 0.2 percent of the county.
The uplands show many variations in topography where the different soil 
types occur. The Webster silty clay loam and the Webster loam are found in 
the level to depressed areas in the northeastern part of the county. The Car­
rington and Clarion soils generally occur on the undulating to gently rolling 
uplands, the steep phase of the Clarion loam, as the name indicates, being steep 
in topography. The Dickinson fine sandy loam is also quite strongly rolling in 
topography. The Shelby loam and the Lindley loam are found on the rougher 
sections with a rough or strongly rolling topography. On the loessial uplands, 
the Tama silt loam and the Clinton silt loam are found on the most strongly 
rolling to rough areas, the shallow phase of the Tama silt loam having been 
formed because of the extensive action of erosion due to the rough topography, 
at least in part. The Marshall silt loam is also quite strongly rolling. The 
Grundy silt loam is more gently undulating to level in topography.
The terrace and bottomland soils show very little in the way of topographic 
features. The Bremer and Fargo types on the terraces are found on the level 
to depressed areas, while the Waukesha, Judson and O’Neill soils occur on 
the higher terraces and have some slight topographic features. The Wabash 
soils on the bottoms are level to flat in topography. The Crawford loam, the 
only residual soil is found on the steep slopes, in one or two areas adjacent 
to the rivers.
T H E  F E R T IL IT Y  IN  G U TH R IE C O U N TY SOILS
Samples were taken for analyses from each of the soil areas in Guthrie 
County except the steep phase of the Clarion loam, the Dickinson fine sandy 
loam, the Marshall silt loam, the Crawford loam and the area of peat and 
muck. These soils were not analyzed because of their small extent and unim­
portance agriculturally. The more extensive soils were sampled in triplicate 
while only one sample was taken of the minor types. The samplings were all 
made with the utmost care that the samples be entirely representative of the 
soil types and that all variations due to previous treatments of the soil might be 
eliminated. The samples were taken at three depths, 0 to 6%  inches, 6%  
inches to 20 inches, and 20 to 40 inches, representing the surface soil, the sub­
surface soil and the subsoil, respectively.
The samples were all analyzed for total phosphorus, total nitrogen, total 
organic carbon, total inorganic carbon and limestone requirement. The official 
methods were employed for the determinations of phosphorus, nitrogen and 
carbon, and the Truog qualitative test was used for the limestone requirement 
determinations. The figures given in the tables are the averages of the results 
of duplicate determinations on all samples of each type, and they represent, 
therefore, the averages of two or six determinations.
The Surface Soils
The results of the analyses of the surface soils are given in table 4. They 
are calculated on the basis of 2 million pounds of surface soil per acre. The 
phosphorus content of the different soils varies widely, ranging from 929 pounds
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TABLE 4. PLANT FOOD IN  GUTHRIE COUNTY, IOWA, SOILS 
Pounds per acre of 2 million pounds o f surface soil (0-6^$")
Total Total Total Total Limestone
Soil type phos­
phorus
nitro­
gen
organic
carbon
inorganic
carbon
require­
ment
DRIFT SOILS
79 Shelby loam ........................... 996 3,880 40,632 5,000
1 Carrington lo a m ..................... 1,064 3,600 43,413 4,000
107 Webster silty clay loam........ 1,468 6,880 73,454 4,647
138 Clarion loam ........................... 1,252 3,440 40,938 4,000
65 Lindley lo a m ........................... 929 2,520 29,260 4,000
55 Webster loam ......................... 1,202 4,000 ' 50-,231 2,000
149 Clarion fine sandy loam........ 930 2,080 25,681
LOESS SOILS
143 Tama silt loam (shallow 
phase) .................................... 1,427 4,080 50,585 3,000
120 Tama silt loa m ................. 1,602 4,880 55,794 5,000
64 Grundy silt loa m ................... 1,643 5,440 71,583 4,000
80 Clinton silt loam..................... 1,037 2,200 28,115 3,000
TERRACE SOILS
88 Bremer silt loam..................... 1,938 5,640 73,301 6,000
75 Waukesha silt loa m ............... 1,549 3,800 44,122 4,000
131 Judson silt loam..................... 1,279 3,700 41,695 5,000
109 Fargo silty clay loam............. 2,383 8,920 71,937 24,762
108 O’Neill loam ........................... 1,724 4,320 43,822 4,000
110 O’Neill fine sandy loam........ 1,171 2,440 25,006 4,000
43 Bremer silty clay loa m ........ 2,410 7,640 97,681 2,000
SWAMP AND BOTTOMLAND SOILS
26 Wabash silt loa m ................... 1,629 4,080 51,367 3,000
48 Wabash silty clay loam........ 1,347 3,720 41,815
49 Wabash loam ......................... 1,387 4,120 49,249 2,000
26a Wabash silt loam (colluvial
phase) ................................. 1,333 4,520 47,995 5,000
per acre in the Lindley loam up to 2,410 pounds per acre in the Bremer silty 
clay loam. There does not seem to be any relationship between the phosphorus 
supply and the soil group, although the terrace and bottomland soils seem to 
be a little better supplied, on the average, as would be anticipated, as these 
soils have not grown crops so regularly nor for so long a period, and hence 
there has been a smaller removal of all plant food constituents. In general the 
variations among the various soils are greater within groups than among 
groups.
Some evidence is provided of a relation between the phosphorus content of the 
soils and the characteristics which serve to distinguish soil series. Variations 
in color, topography and in subsoil character seem to have some relation to 
phosphorus supply. Those types which are level to flat in topography, like 
the Webster soils, are higher in plant food than the other types. The Webster 
types in this county are the highest of the drift soils in phosphorus. Soils 
which are dark in color and have heavy subsoils are also usually better supplied 
with plant food. The Webster types are dark in color, have heavy subsoils 
and have the highest phosphorus content. The Carrington and Clarion soils 
are higher in phosphorus than the Shelby, Lindley and Dickinson soils, and 
they have heavy subsoils, while the latter types are usually coarse-textured in 
the subsoil. On the loessial uplands the Grundy and Tama soils are richer than 
the Clinton types, owing to the darker color and better topography of the former
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types. There is little difference between the Tama and the Grundy, although 
in some cases the latter soil is richer owing to its more level topography. The 
shallow phase of the Tama silt loam, as would be expected, is lower in phos­
phorus than the typical soil. On the terraces the Bremer and Fargo soils are 
the richest of the types in phosphorus. They are level to flat or depressed 
in topography, black in color and have heavy subsoils. The O’Neill soils are 
lower owing to their sandy subsoils. The Waukesha and Judson soils are 
usually higher than the O’Neill types as they have heavier subsoils, but in this 
case, there is little difference. The soils on the bottoms are all of the Wabash 
series so no comparisons are possible.
The influence of texture on the phosphorus content is also shown in some 
cases. On the drift uplands the Webster silty clay loam is higher than the 
loam, and the Clarion loam is higher than the fine sandy loam. On the ter­
races the Bremer silty clay loam is higher than the silt loam, and the O’Neill 
loam is higher than the fine sandy loam. On the bottomlands, the Wabash silt 
loam is higher than the loam or the colluvial phase of the silt loam, but the silty 
clay loam is lower than the silt loam, which is contrary to the usual results. In 
general it appears that fine textured soils may be expected to be richer in plant 
food than coarse textured types. Thus silty clay loams are usually higher in 
phosphorus than silt loams, silt loams are richer than loams and loams are 
higher than sandy types.
The analyses of the soils as a whole indicate that the phosphorus supply is en­
tirely inadequate to meet the needs of crops for any period of years. Phos­
phorus fertilizers will certainly be necessary in the near future and may be of 
value at the present time. The evidence of the greenhouse and field tests and 
the experiences of farmers who have tried them, point to the desirability of 
testing the phosphates on the farms at the present time.
The content of nitrogen in the soils varies widely. It ranges from 2,080 pounds 
per acre in the Clarion fine sandy loam up to 8,920 pounds per acre in the 
Fargo silty clay loam. The terrace and bottomland soils seem to be slightly better 
supplied with nitrogen, on the average, than the upland soils, as might be 
expected, but the differences are not great. In general there is no definite 
relationship to the various soil groups. Much wider differences are often 
found between the nitrogen content of individual soils in the groups than be­
tween the groups.
Some indications are found of a relationship between the nitrogen supply 
and the soil series. Thus the Webster soils on the drift uplands are the high­
est in .nitrogen and the Lindley loam and the Clarion fine sandy loam are the 
lowest. The Shelby loam is higher than the Carrington and Clarion soils 
which is contrary to the usual results, but the differences are not large. On 
the loessial uplands the Grundy and Tama soils are higher than the Clinton 
types, and the Grundy is somewhat higher than the Tama. On the terraces, 
the Bremer and Fargo soils are much higher than the other terrace soils, and 
the O’Neill types are the lowest. Again there seems to be some relationship 
between those characteristics which serve to distinguish series and the nitrogen 
supply. Those types like the Webster, Fargo and Bremer which are level 
to depressed in topography and black in color and have heavy subsoils are
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richer in nitrogen. Those soils like the Shelby, Clarion and Carrington which 
are rolling to rough in topography, and types like the Lindley which are rough 
in topography and light in color are lower in nitrogen. Types like the Grundy 
and Tama are richer than the lighter colored Clinton types. Types with sandy 
or gravelly subsoils, like the O’Neill soils are lower in nitrogen. In general, 
level, black soils with heavy subsoils may be expected to be richer in nitrogen.
In several cases there is some indication of the effects of texture on the nitro­
gen content. The Webster silty clay loam is much higher than the silt loam. The 
Clarion loam is higher than the Clarion fine sandy loam. The Bremer silty 
clay loam is richer than the Bremer silt loam, and the O’Neill loam is higher 
than the O’Neill fine sandy loam. On the bottoms the Wabash soils do not show 
enough differences to indicate textural effects. The Wabash silty clay loam 
is usually higher than the other Wabash soils, but that is not true in this case, 
probably owing to some abnormality in the sample analyzed. In general it 
seems that fine textured types like silty clay loams are generally richer than 
loams and loams are ordinarily higher in nitrogen than sandy loams.or sands.
The nitrogen content of the soils is not high and it is necessary that some 
nitrogenous fertilizing material be applied to many of the soils of the county 
now, if the yields of crops are to be as large as desired. In all cases, however, 
even where the soils seem to be high in nitrogen and not in immediate need of 
additions, the use of nitrogen fertilizers will be needed in the future if the 
supply is to be kept up.
The content of organic carbon varies considerably in the soils, ranging from 
25,681 pounds per acre in the Clarion fine sandy loam up to 97,681 pounds in 
the Bremer silty clay loam. There is usually a very close relation between the 
content of carbon and the nitrogen and those soils which are high in the one 
constituent are apt to be high in the other, and those which are low in one 
element are low in the other. The color of the soil usually indicates definitely 
the amount of organic carbon which is present and also the amount of nitro­
gen. The relationships noted in the case of the nitrogen content are, therefore, 
much the same in the case of the organic carbon. There is little evidence of any 
relation between carbon and the soil groups although there is a little more 
carbon in the terrace and bottomland soils, on the average, than in the upland 
soils. This is largely because the decomposition processes have been much 
slower in the bottomland types and hence there has been more of an accumula­
tion of organic matter.
The relation to soil series is shown in most cases just as was noted in the 
case of nitrogen. Those characteristics, such as color, topography and subsoil 
character affect the content of organic carbon or organic matter. On the level 
to depressed uplands the Webster soils are the richest in organic matter and 
they are black in color and have heavy subsoils. The Tama and Grundy soils 
on the loessial uplands are richer in organic matter than the Clinton types.
The Bremer and Fargo soils on the terraces are higher than the other types 
and the O’Neill soils are the lowest, due undoubtedly largely to their sandy or 
gravelly subsoils.
Again the effects of texture are shown. The Webster silty clay loam is high-
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er in organic matter than the Webster loam, the Clarion loam is much richer 
than the Clarion fine sandy loam, the Bremer silty clay loam is higher than the 
Bremer silt loam, the O’Neill loam is richer than the O’Neill fine sandy loam, 
and the Wabash silt loam is higher than the Wabash loam. The Wabash silty 
clay loam, however, is lower than the silt loam which is contrary to the usnal 
results. It appears that in general the fine textured soils, such as the silty 
clay loams are richer than the silt loams, the silt loams are higher than the 
loams and the latter are richer than the fine sandy loams, just as was noted 
in the case of nitrogen.
There is a need for additions of organic matter to the soils of this county 
at the present time, and on many of the types, farm manure, crop residues and 
leguminous green manures should be used to build up and keep up the content 
of organic matter. On all the soils there is a need for a regular supplying of 
organic matter if the content is to be kept up.
All the upland soils except the Webster silty clay loam are acid in reaction 
and show no content of inorganic carbon. On the terraces the Fargo silty clay 
loam contains lime and hence is not acid. All the other types on the terraces, 
and all the bottomland soils are acid in reaction. In some cases there is lime 
in the subsoils of the types, as, for example, in the case of the Clarion loam, 
the Clarion fine sandy loam, the Webster loam and the Shelby loam, but the 
surface soils of these types are usually acid in reaction. It is important, there­
fore, that all the soils in the county, except the Webster silty clay loam and 
the Fargo silty clay loam, be tested for lime needs and that lime be applied as 
needed for the best growth of general farm crops and especially legumes. 
Even the Webster silty clay loam may sometimes be acid in the surface soil, 
and the use of lime may be needed for new seedings of legumes. The lime in 
the subsoil will not help the early growth, and if the surface soil is acid lime 
should be applied.
The Subsurface Soils and Subsoils
The analyses of the subsurface soils and subsoils are given in tables 5 and 6. 
They are calculated on the basis of 4 million pounds of subsurface soil and 6 
million pounds of subsoil per acre.
There is little effect on the fertility of the soil, from plant food in the lower 
soil layers, unless there is a very large amount of some constituent or a strik­
ing deficiency. The analyses of the subsurface soils and subsoils in this county 
do not show either of these conditions, and hence it is hardly necessary to con­
sider the results of the analyses in detail. The conclusions drawn from a con­
sideration of the results of the analyses of the surface soils are very largely 
confirmed.
G REEN H O U SE E X P E R IM E N TS
Two greenhouse experiments were carried out on soils from Guthrie Coun­
ty, the Tama silt loam and the Carrington loam, in order to obtain some in­
formation regarding the value of certain fertilizer treatments on these soils. 
These are two of the most extensively developed types in the area.
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TABLE 5. PLAN T FOOD IN  GUTHRIE COUNTY, IOWA, SOILS 
Pounds per acre of 4 million pounds o f subsurface soil (6^3"-20")
Soil Total Total Total
Total Limestone
Soil type phos- nitro- organic inorganie require-. no. phorus gen carbon carbon ment
DRIFT SOILS
79 Shelby loam ........................... 2,100 5,040 54,430 419
1 Carrington lo a m ..................... 2,154 5,680 70,302 4,666
107 Webster silty clay loam........ 1,992 5,520 76,890 7,70Ì
138 Clarion loam ........................... 1,030 2,880 35,505 2,666
65 Lindley loam ......................... 1,347 1,600 22,415 4,000
55 Webster loam ......................... 1,588 5,200 60,975
149 Clarion fine sandy loam........ 2,316 2,880 37,701 7,294
LOESS SOILS
143 Tama silt loam (shallow 
phase) ................................. 2,208 3,760 38,941 2,000
120 Tama silt loa m ....................... 2,882 7,680 89,172 5,000
64 Grundy silt loam..................... 2,532 7,440 89,118 6,000
80 Clinton silt loam..................... 2,046 2,880 35,396 4,000
TERRACE SOILS
88 Bremer silt loam..................... 1,830 4,560 66,538 6,000
75 Waukesha silt loa m ............... 2,747 6,480 74,447 4,000
131 Judson silt loa m ..................... 2,747 7,680 92,281 5,000
109 Fargo silty clay loa m .......... 4,092 10,240 148,395 21,Ü5
108 O’Neill loam ........................... 2,289 4,160 46,549 2,666
110 O’Neill fine sandy loam........ 1,508 1,760 22,579 4,000
43 Bremer silty clay loa m ........ 3,340 9,440 152,409 2,000
SWAMP AND BOTTOMLAND SOILS
26 Wabash silt loam................... 3,178
3,556
5,360 81,755 3,000
48 Wabash silty clay loam........ 17,480 253,328
49 Wabash loam ......................... 2,236 6,320 67,793
26a Wabash silt loam (colluvial 
phase) .................................. 2,370 6,800 84,155 4,000
The fertilizer treatments employed included manure, limestone, superphos­
phate, and muriate of potash. Manure was applied at the rate of 8 tons per 
acre. Limestone was added in sufficient amounts to neutralize the acidity of 
the soil. Superphosphate was applied at the rate of 200 pounds per acre and 
muriate of potash at the rate of 50 pounds per acre. Clover and wheat were 
grown, the clover being seeded after the wheat had been up about a month.
The Results on the Tama Silt Loam
The results obtained on the Tama silt loam are given in table 7. Manure 
increased the wheat yield and brought. about a very large gain in the clover, 
more than doubling the crop of clover. Limestone with manure had a bene-
Fig. 3. Clover on Tama silt loam.
GUTHRIE COUNTY SOILS 21
TABLE 6. PLANT FOOD IN  GUTHRIE COUNTY, IOWA, SOILS 
Pounds per acre o f 6 million pounds of subsoil (2 0 "-4 0 ")
Soil Total Total Total Total LimestoneSoil type phos- nitro- organic inorganic require-
phorus gen carbon carbon ment
DRIFT SOILS
79 Shelby loam ........................... 3,474 3,480 141,613 84,024
I Carrington lo a m ..................... 2,949 6,840 83,364 5,666
107 Webster silty clay loam........ 2,262 2,520 32,098 4,552
138 Clarion loam ........................... 2,907 1,810 17,915 103,286
65 Lindley lo a m ........................... 2,058 2,040 23,724 8,666
55 Webster loam ......................... 2,706 3,720 46,492 74,259
149 Clarion fine sandy loam........ 3,273 3,480 45,396 83,045
LOESS SOILS
143 Tama silt loam (shallow 
phase) ................................. 3,354 3,240 39,186 2,000
120 Tama silt loa m ....................... 4,119 5,520 45,240 3,000
64 Grundy silt loa m ................... 3,111
3,354
5,520 58,330 5,000
80 Clinton silt loam..................... 3,240 33,705 8,000
TERRACE SOILS
88 Bremer silt loam..................... 2,262 5,040 87,945 7,000
75 Waukesha silt loa m ............... 3,513 6,120 58,657 4,000
131 Judson silt loa m ..................... 4,362 11,880 146,112 4,000
109 Fargo silty clay loam.......... 3,354 2,760 40,650 31,097
108 O’Neill loam ........................... 3,513 2,880 122,142 2,666
110 O’Neill fine sandy loam........ 2,343 1,080 14,807 2,000
43 Bremer silty clay loam........... 4,323 6,600 130,396 2,000
SWAMP AND BOTTOMLAND SOILS
26 Wabash silt loam.......... . . .. 3,474 5,160 89,091 3,000
48 Wabash silty clay loam........ 3,474 6,240 77,534
49 Wabash loam ......................... 2,868 5,280 70,847
26a Wabash silt loam (colluvial 
phase) ................................. 3,354 15,120 209,106 4,000
ficial effect upon the wheat and brought about a large increase in the clover. 
Superphosphate alone showed no effect upon the wheat but it had a large in­
fluence upon the clover, not as large an effect, however, as was exerted by the 
manure. Superphosphate with manure increased the yield of wheat over that 
obtained by the use of manure alone, and it also gave a large increase in the 
clover. Limestone with superphosphate increased the wheat yield beyond that 
brought about by superphosphate alone, and the same was true of the clover. 
Manure with limestone and superphosphate had no greater effect upon the 
wheat than was occasioned by limestone and superphosphate and not quite as 
large an effect as was obtained by the use of manure and limestone or manure 
and superphosphate. In the case of the clover, however, the three materials
TABLE 7. GREENHOUSE EXPERIMENT, TAMA SILT LOAM, GUTHRIE COUNTY
Pot
no. Treatment
Weight of 
wheat grain 
in grams
Weight of 
clover 
in grams
1 C h eck .............................................. .... . ............................................ 5.7 21.4
2 Manure ................................................................................. ............ 6.3 45.8
3 Manure-(-limestone ............................ ............... : ........................... 8.6 66.5
4 Superphosphate ......................... ...................................................... 5.4 39.3
5 Manure+superphôsphate ............................................................... 7.4 56.3
6 Limestone-f-superphosphate ................................................ .. 6.9 61.5
7 Manure-(-limestone-(-superphosphate .......................................... 6.8 68.5
8 Manure-j-limestone-4-superphosphate-(-muriate of potash . . .. 8.4 62.4
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Fig. 4. Clover on Carrington loam.
brought about a definite increase in the crop over any two treatments. When 
muriate of potash was used with manure, limestone and superphosphate there 
was a definite gain in the wheat, but no effect was shown on the clover.
The Results on the Carrington Loam 
The data obtained in the greenhouse experiment on the Carrington loam are 
presented in table 8. The wheat was damaged at ripening time, and no yields 
could be obtained. Hence only the clover yields are given. Manure increased 
the yield of clover enormously, as is usually the case. Limestone with manure 
gave a further increase. Superphosphate alone had a beneficial effect which 
was slightly larger than that brought about by manure alone. Manure and 
superphosphate had less effect than superphosphate alone, but the difference 
was not large. There was no gain over the effect of manure alone. Limestone 
and superphosphate had about the same effect as manure and superphosphate. 
Limestone with manure and superphosphate brought about a very large influence 
on the crop. Muriate of potash with manure, limestone and superphosphate had 
no beneficial effect.
TABLE 8. GREENHOUSE EXPERIM ENT, CARRINGTON LOAM, GUTHRIE COUNTY*
Pot Treatment
Weight of 
cloverno.
1 Cheek ......................................................................................
2 Manure .............* ................................... . . . .........................
3 Manure-(-limestone .................................................................
4 Superphosphate .......................................................................
5 Manure-f-superphosphate ......................................................
6 Limestone-f-superphosphate ................................................
7 Manure-j-limestone+superphosphate .................................
8 Manure-f-limestone-j-superphosphate-f-muriate o f  potash
in grams
Ï2J
33.6
41.7 
35.5
34.0
36.1 
61.0 
59.3
♦Wheat damaged at ripening time and no results obtained.
FIELD  E XP E R IM E N TS
No field tests have been carried out in Guthrie County, but the data which 
have been obtained in experiments under way in adjacent counties, on the same 
soil types which occur extensively in Guthrie County, will be given here as they 
indicate the value of various fertilizer treatments on the different soil types. 
The results obtained on the Tama silt loam on the Greenfield Field in Adair 
County, and on the Winterset Field in Madison County; on the Carrington 
loam on the Scranton Field in Greene County, on the Dallas Center Field
GUTHRIE COUNTY SOILS 23
in Dallas County and on the Pilot Mound Field in Boone County; on the 
Webster silty clay loam on the Newell Field in Buena Vista County; on the 
Clarion loam on the Truesdale Field, I and II in Buena Vista County; and on 
the Shelby loam on the Millerton Field in Wayne County are given here. The 
results on these fields may be considered to apply directly to conditions in 
Guthrie County.
These field experiments are all laid out on land which is entirely representa­
tive of the soil type, and they are permanently located by the installation of 
corner stakes. The fields include either 13 or 9 plots each 155 feet 7 inches 
long by 28 feet wide, or one-tenth of an acre. All precautions are taken in the 
application of the fertilizers and in harvesting the crops to insure obtaining 
accurate results. The experiments are planned to determine the value of cer­
tain fertilizers on the different soil types, under the livestock and the grain 
systems of farming. In the former, manure is applied with limestone as a basic 
treatment, and in the latter crop residues with limestone constitute the basic 
treatment. The other fertilizing materials tested include rock phosphate, sup­
erphosphate, a complete commercial fertilizer and muriate of potash.
Manure is applied at the rate of 8 tons per acre once in the 4-year rotation. 
The crop residue treatment consists of plowing down the cornstalks which have 
been cut with a disc or stalk cutter after being winter pastured. Sometimes 
the second crop of clover is plowed under but usually it is left for hay, seed or 
pasture and only the residues are plowed down. Limestone is added in amounts 
sufficient to neutralize the acidity of the soil. Bock phosphate is applied at 
the rate of 500 pounds per acre once in 4 years. Until 1925 this material was 
added at the rate of one ton per acre once in the rotation, and from 1925 to 1932 
at the rate of 1000 pounds per acre. Superphosphate is applied at the rate 
of 120 pounds of the 20 percent material per acre, 3 years out of 4 
in the 4-year rotation. Until 1923 this material was applied at the rate 
of 200 pounds of the 16 percent phosphate per acre annually. From 1923 
to 1929, 150 pounds of the 16 percent phosphate were employed per acre, three 
times in the 4-year rotation. Until 1923 the old standard 2-8-2 complete com­
mercial fertilizer was employed, the application being made at the rate of 300 
pounds per acre annually. From 1923 to 1929 a 2-12-2 standard complete 
brand was used, a 200-pound application being made per acre, 3 years out of 4 
to supply the same amount of phosphorus as contained in the superphosphate. 
Beginning in 1929, a 2-12-6, a 4-16-4 or a 2-16-2 complete fertilizer has been 
used, the application of a sufficient amount being made to supply the same 
quantity of phosphorus as that added in the superphosphate. On the Tama 
silt loam, the Carrington loam and the Clarion loam, the 2-12-6 fertilizer is 
employed, on the Webster silty clay loam the 2-16-2 and on the Shelby loam, 
the 4-16-4 brand is employed. Muriate of potash is applied at the rate of 50 
pounds per acre annually, 3 years out of 4, in the 4-year rotation.
The Greenfield Field
The results obtained on the Tama silt loam on the Greenfield Field in Adair 
County are given in table 9. Manure increased the crop yields on this soil in 
every season, showing particularly large effects on the corn in 1922, the oats
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TABLE 9. FIELD EXPERIMENT, TAMA SILT LOAM, ADAIR COUNTY 
GREENFIELD FIELD,* SERIES I
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A
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(2
)
1 Cheek ............................................................................. 78.6 50.9 54.1 45.0 41.1 70.4 3.21
2 Manure ......................................................................... 84.0 53.7 57.0 50.1 44.3 79.5 3.49
3 Manure+limestone ...................................................... 90.4 56.9 57.0 48.8 48.1 79.5 3.87
4 Manure-j-limestone-)-rock phosphate ..................... 84.5 60.1 57.0 44.3 52.9 93.1 4.24
5 Check ............................................................................. 85.7 51.3 46.8 43.5 39.2 65.9 3.72
6 Manure-(-limestone-|-superphosphate ..................... 78.7 60.4 59.1 49.3 58.4 88.6 4.20
7 Manure-j-limestone-j-superphosphate-|-muriate of 
potash ....................................................................... 82.9 57.2 70.6 45.9 58.3 93.1 4.23
8 Manure-(-limestone-|-complete commercial fer­
tilizer ............................... ......................................... 89.4 52.4 58.4 48.8 56.0 86.2 4.11
9 Cheek ............................................................................. 86.6 50.6 51.8 48.2 48.3 77.1 3.70
(1) Plots were pastured, no results taken.
(2) Total of two cuttings.
♦The Greenfield Field, Series I, was established in the fall of 1921 on the Claude Martin farm, 
northeast of Greenfield in Adair County, and was discontinued in 1930 owing to inconvenient 
location of field. It was located in the SW14 of the NE %  of S. 32, T. 76 N., R. 31 W. in 
Grove Township.
in 1928 and the timothy and clover in 1929. Limestone with manure increased 
the crops in most cases and especially in 1929. No beneficial effects were 
noted on the oats in 1924 and 1928 nor on the corn in 1926.
Rock phosphate with manure and limestone increased the crop yields in 
most seasons. The largest effect of the phosphate appeared on the oats in 1928 
and on the timothy and clover in 1929. Superphosphate with manure .and lime­
stone increased the crops in practically all seasons. It showed larger effects 
than rock phosphate on all of the crops except the oats in 1928 and the timothy 
and clover in 1929. In these latter cases, there was little difference in the yields 
under the two treatments. Muriate of potash with limestone, superphosphate 
and manure increased the oats in 1924 and 1928. Complete commercial fer­
tilizer with manure and limestone showed smaller effects than superphosphate 
in all but one case.
The Winterset Field
The results obtained in the field experiment on the Tama silt loam on the 
Winterset Field in Madison County are given in table 10. Manure increased 
the crops grown in most seasons. The largest effects were shown on the corn 
in 1926 and 1932, the oats in 1924 and the timothy and clover in 1930. Lime­
stone with manure brought about a gain in the crops in practically all cases. 
It showed particularly large effects on the timothy and clover in 1930, but in­
creases were also obtained in many cases in the corn and oats crops.
Rock phosphate with manure and limestone showed beneficial effects on the 
crops grown in most seasons. The largest effects appeared on the clover in
1925, the timothy and clover in 1930, the oats in 1924 and the corn in 1923,
1926, 1927, 1928, 1929 and 1932. Superphosphate with manure and lime­
stone had desirable effects on the crops in most cases. It had a greater effect 
than rock phosphate on the corn in 1922 and 1931, on the oats in 1929 and 1933
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and on the timothy and clover in 1930. In the other seasons there was either 
a larger effect from rock phosphate or there was no difference in the yields 
under the two treatments. In general there were no strikingly large variations 
in the yields when the two phosphates were used. Muriate of potash added with 
manure, limestone and superphosphate showed small increases in several cases 
but in most seasons had no noticeable beneficial effects. Complete commercial 
fertilizer with manure and limestone had some beneficial effect in most seasons, 
but only in one or two cases was there any larger effect than from superphos­
phate. Mostly superphosphate had a slightly greater effect.
The Scranton Field
The results obtained in the field experiment on the Carrington loam on the 
Scranton Field in Greene County are given in table 11. Manure increased the 
crop yields in most seasons, the largest beneficial effects being shown on the 
corn in 1927 and 1928 and on the oats in 1929 and 1932. The addition of lime­
stone with manure increased the crops in most cases. There was no effect on 
the oats in 1923 and 1926, but in all other seasons the gains were quite definite.
Rock phosphate with manure and limestone increased the crop yields in 
practically all seasons, but in most cases the gains were not very large. The 
corn in 1925 and 1931, the oats in 1926 and the clover and timothy in 1933 
showed the greatest effect. Superphosphate with manure and limestone brought 
about larger effects than rock phosphate in the case of the oats in 1923, 1929 and 
1932, and the corn in 1924, and 1925. In the other seasons rock phosphate gave 
slightly larger effects. Muriate of potash with manure, limestone and super­
phosphate showed small increases in most seasons. The differences were not 
large, however, in any case. Complete commercial fertilizer with manure and
TABLE 10. FIELD EXPERIMENT, TAMA SILT LOAM, MADISON COUNTY 
WLNTERSET FIELD,* SERIES I
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(3
)
1 C h eck  ............................................................ 77.1 43.9 54.8 1.50 56.8 55.0 60.5 61.3 1.85 55.9 74.7 22.1
2 M a n u r e ................................................. .. 77.2 46.6 59.2 1.58 63.5 57.6 59.5
62.4
59.0
65.9
2.11
2.03
53.4
56.4
77.8
77.7
20.4
24.13 M a n u r e - { - l im e s t o n e ............................... 76.1 47.2 67.1 1.60 56.8 54.8
4 M a n u re -{-lim e sto n e ~ j-ro e k  p h o s ­
p h a te  ......................................................... 76.5 50.4 71.6 1.76 59.7 61.0 69.1 64.6 2.26 55.3 80.1 23.0
5 C heek  ............................................................ 72.9 45.1 55.9 1.54 52.5 53.6 58.9 54.5 1.75 53.9 74.4 19.3
6 M anu re-| -lim eston e-| -su p erp h os- 
p h a te  . . ...................................................... 79.7 49.8 67.6 1.61 53.0 57.9 64.8 68.1 2.45 56.3 80.8 27.2
7 M a n u re -(-lim e s to n e -)-su p e rp h o s - 
p h a te -j-m u r ia te  o f  p o t a s h ........... 81.0 50.9 65.5 1.63 55.0 60.0 62.9 67.0 2.33 55.7 82.5 25.5
8 M a n u r e -f - l im e s to n e + e o m p le te  
c o m m e rc ia l fe r t i l iz e r  .................. .. 72.1 52.0 68.2 1.55 51.5 51.1 63.5 68.1 2.20 54.7 80.9 26.1
9 C heek  ............................................................ •72.7 43.9 52.6 1.54 46.4 47.8 63.7 56.8 1.84 51.8 75.5 20.0
(1) Limestone not applied until 1923.
(2) Unable to account for high yield on plot 2.
(3) Hot, dry weather in June and July seriously damaged oats.
♦The Winterset Field, Series I, was established in the fall of 1921 on the J. T. Williams farm 
northwest of Winterset in Madison County. It is located in the SW V± of the NE % of Section 
23, T. 76 N., and R. 28 W. in Douglas Township.
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TABLE 11. FIELD EXPERIMENT, CARRINGTON LOAM, GREENE COUNTY 
SCRANTON FIELD,* SERIES I
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1 Cheek ........................................................ 59.0 38.0 50.8 35.4 41.5 59.8 52.3 33.8 47.8 39.1 1.67
2 Manure ...................................................... 63.5 42.8 54.1 35.7 46.7 64.5 71.5 32.7 46.6 49.3 1.63
3 Manure-}-limestone .................................. 63.5 46.2 60.4 35.7 53.4 69.3 74.9 37.2 49.1 51.1 1.87
4 Manure-)-limestone-frock phosphate . . 63.5 44.3 63.1 39.5 54.1 70.9 74.9 38.7 53.4 48.8 2.11
5 Check ........................................................ 55.5 36.3 50.2 34.0 44.6 58.1 64.6 34.2 45.1 38.6 1.56
6 Manure-f-limestone-j-superphosphate . . 72.5 48.4 66.7 50.2 67.7 85.1 35.5 52.5 53.9 2.01
7 Manure-}-limestone-j-superphosphate 
-(-muriate of potash........................... 74.8 50.8 62.2 39.2 50.9 68.8 87.3 33.5 48.5 54.4 2.03
8 Manure-j-limestone-fcomplete com­
mercial fertilizer ............................... 82.7 51.6 59.9 39.7 52.0 68.5 85.1 33.7 49.2 56.2 2.17
9 Check ........................................................ 61.2 33.1 51.6 33.2 48.1 57.6 66.1 33.0 41.8 38.0 1.56
(1) Cattle and hogs were turned into field a few days before plots were harvested, which affected 
the yield to some extent.
(2) Plot 6 sample lost.
(3) Damage from hot winds and dry weather.
♦The Scranton Field, Series I, was established in the fall of 1922 on the E. J. Holden farm near 
Scranton in Greene County. It is located in the NE % of the NE % of Section 14, T. 83 N., 
R. 32 W. in Scranton Township.
limestone brought about larger effects than superphosphate on the corn in 1924, 
1927 and 1928 and on the oats in 1923 and 1932 but had less effect on the corn 
in 1925, 1930 and 1931. The clover and timothy in 1933 showed slightly larger 
effects from complete fertilizer. In most cases the differences were not very 
great.
The Dallas Center Field
The results obtained on the Carrington loam on the Dallas Center Field in 
Dallas County are given in table 12. Manure increased the crop yields in all 
but one season, the largest effect appearing on the sweet clover in 1928, the red 
clover in 1932 and on the corn in 1929, 1930 and 1933. Some of the increases 
were not very large. Limestone with manure increased the yields in most cases. 
The oats in 1927, and 1931 and the sweet clover in 1928 showed no effect, but 
in all other cases gains were noted. The corn was largely increased in all 
cases, and the red clover in 1932 showed a definite gain.
Rock phosphate with manure and limestone increased crop yields in most 
seasons. The corn in 1929, 1930 and 1933 showed no gains but with the oats 
in 1927, the corn in 1925, the sweet clover in 1928 and the red clover in 1932 
there were large crop increases. Superphosphate with manure and limestone 
had a larger effect than rock phosphate in several cases, as on the wheat in 1923, 
the sweet clover in 1928, and the corn in 1929 and 1933. In the case of the other 
crops, however, no superior value for superphosphate was indicated and with 
the corn in 1926, the oats in 1927 and the clover in 1932, rock phosphate had 
the largest influence. Muriate of potash with manure, limestone and super­
phosphate had slight beneficial effects in most seasons, but except for the corn
GUTHRIE COUNTY SOILS ¡7
in 1933 there were no very definite increases. Complete commercial fertilizer 
with manure and limestone had slightly less effect than superphosphate in all 
but three cases. With the oats in 1927, the sweet clover in 1928 and the corn 
in 1930 complete commercial fertilizer was superior to superphosphate, but in 
all other cases the results with superphosphate were somewhat better. The dif­
ferences, except for the sweet clover in 1928, were not very large.
The Pilot Mound Field
The results of the field experiment on the Carrington loam on the Pilot 
Mound Field in Boone County are given in table 13. Manure increased the 
crop yields on this field in most seasons. The largest beneficial effects appeared 
on the oats in 1924 and on the sweet clover in 1929. The increases were quite 
definite also on the corn crop in some cases. Limestone with manure increased 
crops in most cases, but no large gains were evidenced. There was no bene­
ficial effect on the sweet clover in 1929 which is somewhat surprising. It is 
probable that the yield on plot 2 in that season was abnormal for some reason 
and hence the effects of limestone did not show up. A  large beneficial effect of 
limestone appeared on the corn in 1931.
Bock phosphate with manure and limestone increased the crop yields in all 
but two seasons. The increase was very definite with the oats in 1924 and the 
sweet clover in 1929. The corn in 1926 and in 1931 was not increased, but in 
all other seasons small increases in crop yields were obtained. Superphosphate 
with manure and limestone showed a greater effect than rock phosphate in sev­
eral cases. The oats in 1922, 1928 and 1933, and the corn in 1926 and 1927 
showed more benefits from superphosphate. Rock phosphate had larger effects
TABLE 12. FIELD EXPERIMENT, CARRINGTON LOAM, DALLAS COUNTY 
DALLAS CENTER FIELD,* SERIES I (1)
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r 
to
ns
 p
er
 A
. 
(2
)
19
25
 c
or
n 
bu
. 
pe
r 
A
.
19
26
 c
or
n 
hu
. 
pe
r 
A.
19
27
 o
at
s 
hu
. 
pe
r 
A
.
19
28
 s
w
ee
t 
cl
ov
er
 
to
ns
 p
er
 A
. 
(3
)
19
29
 c
or
n 
bu
. 
pe
r 
A.
19
30
 c
or
n
bu
. 
pe
r 
A.
 
(4
)
19
31
 o
at
s 
bu
. 
pe
r 
A.
19
32
 r
ed
 c
lo
ve
r 
to
ns
 p
er
 A
. 
(5
)
19
33
 c
or
n 
bu
. 
pe
r 
A
.
1 Cheek ........................................................ 24.8 50.3 69.9 52.6 1.81 72.6 35.7 63.9 1.18 64.6
2 Manure .............................................. .. 25.9 51.2 73.0 51.7 2.00 77.7 40.7 66.6 1.67 70.3
3 Manure-J-limestone ................................. 29.6 54.1 78.9 50.2 1.97 81.1 42.5 66.6 2.12 76.5
4 Manure-j-limestone_|_roek phosphate .. 30.9 58.8 79.2 68.2 2.29 81.4 40.3 68.6 2.27 73.9
5 Check ........................................................ 21.8 51.9 76.0 53.4 1.78 71.7 38.4 62.6 1.21 65.1
6 Manure+limestone-|-superphosphate . . 33.8 58.8 76.8 64.3 2.42 84.6 41.1 71.5 2.07 76.5
7 Manure-j-limestone-j-superphosphate 
-{-muriate of potash ............... . . . . . . 34.5 59.6 78.9 62.4 2.17 83.1 44.4 73.7 2.09 82.9
8 Manure-{-limestone-{-complete com­
mercial fertilizer . . . ............. ............ 30.4 59.5 73.6 64.4 2.69 83.7 43.7 70.4 1.96 76.7
9 Cheek ........................................................ 20.6 53.3 65.3 46.3 1.65 76.6 43.2 60.6 0.91 65.2
(1) Corn cut early in 1922 to seed winter wheat; no results.
(2) Field was pastured; no results.
(3) Total of two euttings. •
(4) Hot, dry season.
(5) Large amount of weeds in plot 3.
♦The Dallas Center Field, Series I, was established in the fall of 1921 on the H. C. Mortimer farm, 
west of Dallas Center in Dallas County. It is located in the SB %  of the SB % of Section 32. 
T. 80 N., R. 27 W. in Sugar Grove Township.
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on the corn in 1923 and 1932, on the oats in 1924 and on the sweet clover in 1929. 
The largest difference in favor of superphosphate appeared on the corn in 
1927 and on the oats in 1933.
Muriate of potash with manure, limestone and superphosphate showed bene­
ficial effects on the crops grown except in the case of the corn in 1927, 1930 and 
1931 and the oats in 1928 and 1933. The largest increase appeared on the 
sweet clover in 1929, but there were also quite definite increases in the oats in 
1922 and 1924, and in the corn in 1923. Complete commercial fertilizer with 
manure and limestone brought about larger increases than superphosphate in 
two or three cases. The oats in 1922, 1924 and 1933, the sweet clover in 1929, 
and the corn in 1932 showed larger effects from complete commercial fertilizer 
than from superphosphate. In other seasons, however, smaller beneficial 
effects appeared.
The Newell Field
The results obtained in the field experiment on the Webster silty clay loam 
on the Newell Field in Buena Yista County are given in table 14. Applica­
tions of manure brought about large increases in all but one season in 1926, 
when the yields were abnormal because of the hot, dry weather. The effects 
of manure were evidenced on the corn and oats but particularly on the clover and 
alfalfa. Limestone with manure gave slight increases in crop yields in several 
cases. The effects were not large, however, and since this soil is only slightly 
acid and the acidity is confined to the surface soil, no large influence from 
limestone was expected.
Rock phosphate and superphosphate with manure and limestone, increased 
crop yields in practically all seasons. There were one or two exceptions, but
TABLE 13. FIELD EXPERIM ENT, CARRINGTON LOAM, BOONE COUNTY 
PILOT MOUND FIELD,* SERIES I
P
lo
t 
no
. Treatment
19
22
 o
at
s 
bu
. 
pe
r 
A.
19
23
 c
or
n 
bu
. 
pe
r 
A.
19
24
 o
at
s 
bu
. 
pe
r 
A.
19
25
 s
w
ee
t 
cl
ov
er
 
to
ns
 p
er
 A
. 
(1
)
19
26
 c
or
n 
bu
. 
pe
r 
A.
19
27
 c
or
n 
bu
. 
pe
r 
A.
19
28
 o
at
s
bu
. 
pe
r 
A
. 
(2
)
19
29
 s
w
ee
t 
cl
ov
er
 
to
ns
 p
er
 A
. 
(3
)
19
30
 c
or
n
bu
. 
pe
r 
A
. 
(4
)
19
31
 c
or
n
bu
. 
pe
r 
A
. 
(4
)
19
32
 c
or
n 
bu
. 
pe
r 
A.
19
33
 o
at
s 
bu
. 
pe
r 
A
.
1 Check ................................................ 33.4 59.9 43.5 52.8 48.3 77.1 1.27 44.7 42.7 58.9 31.2
2 M an ure.............................................. 37.8 64.4 50.8 59.7 51.9 74.9 1.74 44.2 42.6 60.8 31.2
3 Manure-(-]imestone ......................... 44.8 60.4 58.1 60.8 53.9 72.6 1.46 48.9 51.7 60.3 32.9
4 Manure-J-limestone+rock phos­
phate ............................................ 45.1 64.4 68.2 53.8 54.6 74.9 1.68 49.6 45.0 60.8 37.9
5 Check ................................................ 35.4 56.0 46.8 45.8 41.8 61.3 1.26 42.7 44.6 56.6 25.6
6 Manure-|-limestone-|-superphos- 
phate ............................................ 50.0 61.8 57.0 55.4 66.9 77.1 1.33 50.1 50.0 56.5 45.4
7 Manure+limestone+superphos- 
phate-f-muriate 0f  potash ........ 59.4 68.5 66.8 58.6 65.2 74.9 2.09 46.6 40.9 58.2 37.9
8 Manure-j-limestone+complete 
commercial fertilizer ................. 71.7 59.9 66.1 50.6 63.5 77.1 1.57 39.7 36.0 63.2 49.9
9 Check ................................................ 36.3 59.8 46.8 49.1 54.1 58.9 1.11 50.8 40.2 61.9 35.2
(1) Field was pastured; no results taken.
(2) Unable to account for high yield on plot 1.
(3) Plots damaged by late fall and early spring pasturing.
(4) Hot, dry season.
♦The Pilot Mound Field, Series I, was established in the fall of 1921 on the farm of D. E. Sacker- 
son, near Pilot Mound in Boone County. It is located in the NW % of the SW % of Section 21, 
T. 85 N., R. 27 W.
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TABLE 14. FIELD EXPERIMENT, WEBSTER SILTY CLAY LOAM, BUENA VISTA 
COUNTY, NEWELL FIELD,* SERIES I
P
lo
t 
no
. Treatment
19
18
 c
or
n
bu
. 
pe
r 
A
. 
(1
)
19
19
 c
or
n
bu
. 
pe
r 
A
. 
(1
)
19
20
 o
at
s
bu
. 
pe
r 
A
. 
(1
)
19
21
 c
lo
ve
r 
to
ns
 p
er
 A
.
19
22
 c
or
n 
bu
. 
pe
r 
A
.
19
23
 c
or
n 
bu
. 
pe
r 
A.
19
24
 o
at
s
bu
. 
pe
r 
A
. 
(2
)
19
25
 c
lo
ve
r 
to
ns
 p
er
 A
. 
(3
)
19
26
 c
or
n
bu
. 
pe
r 
A
. 
(4
)
19
27
 c
or
n
bu
. 
pe
r 
A
. 
(5
)
19
28
 oa
ts
 an
d 
ba
rl
ey
 
bu
. 
pe
r 
A
. 
(6
)
19
29
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(7
)
19
30
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(8
)
19
31
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(7
)
19
32
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(7
)
1 Check ....................... 69.0 44.8 56.7 0.53 68.7 59.2 1.70 51.2 45.7 4.71 2.52 3.87 4.02
2 Manure ................... 70.9 49.1 64.1 0.60 70.5 65.6 1.97 31.4 50.5 4.81 2.67 4.02 4.75
3 Manure-|-limestone 71.4 54.4 63.5 0.70 69.9 68.3 59.8 1.95 23.5 50.2 4.84 2.57 3.67 4.96
4 Manure-j-limestone 
+roek phosphate 74.1 61.4 69.7 0.70 74.1 69.3 63.5 2.04 46.4 31.4 4.36 2.04 3.32 3.94
5 Manure-j-limestone
4-superphosphate 66.9 65.1 76.3 1.13 80.0 63.4 65.5 2.36 36.3 37.4 5.57 2.69 3.03 4.07
6 Manure-j-limestone 
-j-complete com­
mercial fertilizer 66.4 70.9 68.9 1.20 74.4 67.7 72.2 2.22 28.3 50.6 5.09 2.49 2.96 4.13
7 Check ....................... 60.9 62.4 59.4 0.58 66.9 55.0 62.3 1.35 45.9 31.1 2.24 0.89 2.01 2.90
8 Crop residues........ 62.9 56.1 59.4 0.50 63.6 56.4 66.5 1.10 52.3 33.2 2.05 0.89 1.78 3.05
9 Crop residues-f- 
lim estone............. 64.6 59.2 61.4 0.43 64.2 59.5 71.8 1.21 57.6 41.7 2.34 1.03 2.03 3.94
10 Crop residue's-j- 
limestone-j-rock 
phosphate ........... 63.4 60.8 56.7 0.53 67.3 65.9 66.9 1.88 50.1 40.5 3.16 1.81 2.20 4.34
11 Crop residues-j- 
limestone-j-super- 
phosphate ........... 62.4 68.5 72.0 0.90 67.3 64.1 69.3 2.08 58.6 52.1 4.19 2.31 2.12 4.74
12 Crop residues-j- 
limestone-j-com- 
plete commercial 
fertilizer ............. 61.3 65.3 71.3 0.93 67.0 65.8 2.29 47.5 48.5 4.71 2.15 2.28 4.43
13 Check ......................... 59.4 65.3 60.1 0.58 66.2 60.9 1.78 54.9 45.5 2.44 1.17 2.09 3.64
(1) No limestone applied to plots until the fall of 1920.
(2) Plots 1, 2, 12 and 13 cut before field man arrived at field.
(3) Mixture of red clover and biennial white sweet clover.
(4) Corn cut early because of hot, dry season, average moisture content 37.5 percent which accounts 
for varying yields.
(5) Corn replanted because of damage by alkali, second planting also damaged. Corn immature 
when frost came; high moisture content accounts for varying yields.
(6) Mixture of oats and barley grown; no attempt to figure yield in bushels per acre.
(7) Low wet area on plots 1, 2 and 3 responsible for high yields, also high alkali content on these 
plots which seemed to favor the growth of alfalfa. Total of three cuttings.
(8) Same conditions on plots 1, 2 and 3 as in 1929. Total of two cuttings.
Field discontinued in 1933.
♦The Newell Field was established in the fall of 1917 on the farm of George Boyce, near Newell, 
in Buena Vista County. It is located in the SW corner of the NW % of the SW % of Section 
20, T. 90 N., R. 35 W. in Newell- Township.
in these cases the differences were small. The effects of the two materials 
showed up particularly well on the clover in 1925. Superphosphate had large 
effects on the clover in 1921 and on the alfalfa in 1929. The influence on the 
corn in 1922 and on the oats in 1920 was definite. In most cases superphos­
phate • seemed to be somewhat preferable to rock phosphate. There were, 
however, one or two exceptions. In 1918, 1923 and in 1926, rock phosphate 
gave larger yields than superphosphate. The yields on the plots in 1926, 1927, 
1930, 1931 and 1932 were evidently abnormal owing to unfavorable seasonal 
conditions. Complete commercial fertilizer with manure and limestone showed 
slightly larger effects than superphosphate in one or two cases, but in general 
superphosphate gave fully as large or even larger increases in crop yields.
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Crop residues had small effects on the yields on this soil, as would be expected. 
Limestone with residues gave slight increases in crop yields in several cases. 
The differences were not large, however, except on the clover in 1925 and on 
the alfalfa in 1929, 1930, 1931 and 1932.
Rock phosphate, superphosphate and complete commercial fertilizer showed 
beneficial effects in some cases on the crops grown, when applied with crop 
residues and limestone. In other instances, however, no effects were evidenced. 
The clover in 1925 showed a particularly large benefit from the use of phos­
phate fertilizers. Similarly in 1921 the clover was increased to a large ex­
tent by both superphosphate and complete commercial fertilizer, and in 1929, 
1930 and 1932 the alfalfa showed large benefits from both phosphates and 
complete commercial fertilizer. Superphosphate and complete fertilizer both 
increased the oat yield to a large extent in 1920 and had a beneficial effect 
on the corn in 1919 and 1927. In some of the other seasons, as in 1922 and 
1923, the three materials had practically identical effects, all showing in­
creases over .the crop residues and limestone alone.
The Truesdale Field
The results obtained in the field experiment on the Clarion loam on the 
Truesdale Field in Buena Yista County, Series II, are given in table 15.
Manure increased the yields of the various crops usually showing very large 
effects. The corn and oat crops were largely benefited by the use of manure, 
and a large increase in the yield of clover was obtained in 1923 and of alfalfa 
in 1929 and 1932. Limestone with manure brought about further gains in 
crop yields in most cases. In one or two instances, limestone had no effect, but 
in general, as on the alfalfa, it was effective.
Rock phosphate, superphosphate and complete commercial fertilizer in­
creased the yields of crops in practically all cases, when applied with manure 
and limestone. In one or two seasons, rock phosphate did not appear to be of 
value, but superphosphate and complete fertilizer always brought about consid­
erable increases in yields, the effects being particularly noted on the clover in 
1923 and on the alfalfa in 1929, 1930, 1931 and 1932. Superphosphate gen­
erally brought about slightly larger effects than rock phosphate, but fre­
quently the differences were not significant. Complete commercial fertilizer 
had slightly greater effects than superphosphate in some seasons but in gen­
eral the differences between the effects of the two materials were too small to 
permit of definite conclusions.
Crop residues had a slight effect on the crop yields in several instances. The 
application of limestone with residues usually increased the yields. The effects 
were not large, however, except in one or two cases, especially on the alfalfa, 
and in some instances no gains were obtained on the oats, nor on the corn.
Rock phosphate, superphosphate and complete commercial fertilizer in­
creased the crop yields in practically all cases. Superphosphate seemed to be 
slightly superior to rock phosphate in some seasons, while in others rock phos­
phate gave slightly greater effects. A  larger influence from the latter mater­
ial appeared on the clover in 1923, on the corn in 1924 and on the alfalfa in 
1929. Superphosphate, however, gave much larger effects on the corn in 1925,
T A B L E '15. FIELD EXPERIM ENT, CLARION LOAM, BUENA VISTA COUNTY, TRUESDALE FIELD,* SERIES II
P
lo
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no
. Treatment
19
18
 o
at
s 
bu
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pe
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A.
19
19
 c
lo
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r 
to
ns
 p
er
 A
. 
(1
)
19
20
 c
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n 
bu
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r 
A.
19
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 c
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A.
 (
2)
19
22
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s
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. 
(3
)
19
23
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lo
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r 
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ns
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er
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.
19
24
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n
bu
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pe
r 
A.
 (
4)
19
25
 c
or
n 
bu
. 
pe
r 
A.
19
26
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at
s
bu
. 
pe
r 
A.
 (
5)
19
27
 c
or
n 
bu
. 
pe
r 
A.
19
28
 b
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ÿ 
bu
. 
pe
r 
A.
19
29
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lfa
lfa
 
to
ns
 p
er
 A
. 
(6
)
19
30
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lfa
lfa
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ns
 p
er
 A
. 
(6
)
19
31
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(6
)
19
32
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(7
)
19
33
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(6
)
1 Check ................................................................................................................... 69.9 47.5 32.8 18.5 1.72 38.0 40.0 29.9 50.1 31.8 2.09 2.75 1.56 3.52 1.71
2 Manure ......................... ................................................................................ .. 94.2 57.0 39.7 24.6 1.90 52.7 50.4 38.1 55.3 33.3 2.33 2.65 1.58 3.97 1.68
3 Manure-f-limestone ................................................................. ........................ 91.2 59.0 41.8 27.2 1.86 46.9 51.8 37.0 54.5 45.4 2.87 2.75 1.70 4.35 1.67
4 Manure-j-limestone-|-roek phosphate .......................................................... 88.2 61.2 38.1 32.4 2.26 44.4 51.7 37.3 57.3 39.3 3.03 3.06 1.83 4.37 1.67
5 Manure-j-limestone-j-superphosphate ..............., . . ..................................... 91.2 1.89 62.1 40.2 31.0 2.24 24.4 54.8 43.3 57.7 45.4 3.28 3.52 2.05 4.90 1.72
6 Manure-j-limestone-j-complete commercial fertilizer............................... 88.2 2.00 64.0 44.5 31.9 2.42 45.0 58.6 43.6 58.0 46.9 3.24 3.26 2.12 5.28 1.82
7 Check ......................... ......................................................................................... 85.1 1.59 57.1 36.3 23.6 1.93 42.9 51.6 34.3 55.2 34.8 1.86 2.61 1.43 4.02 1.62
8 Crop residues .................................................................................................... 89.7 1.98 58.5 32.9 31.2 1.98 40.7 59.2 35.4 55.1 39.3 2.29 2.64 1.39 4.19 1.62
9 Crop residues+limestone ............................................................................... 97.3 2.07 59.2 40.1 29.8 2.03 41.8 52.2 32.7 52.9 42.4 2.51 2.87 1.58 4.56 1.70
10 Crop residues-f-limestone-f-roek phosphate .............................................. .. 91.2 2.19 60.0 35.6 34.4 2.39 46.0 51.1 38.7 56.3 37.9 3.14 3.06 1.66 4.56 1.75
11 Crop residues-j-limestone-j-superphosphate ................................................ 92.7 2.22 60.4 33.6 36.8 2.11 40.7 60.4 47.4 54.4 40.9 3.05 3.23 1.67 4.90 1.72
12 Crop residues-)-limestone-f-complete commercial fertilizer..................... 95.8 2.37 61.9 35.5 37.3 2.39 39.3 55.2 40.3 53.6 42.4 3.28 3.12 1.65 4.82 1.79
13 Check ................................................................................................................... 85.1 1.91 60.9 34.9 28.4 2.03 39.5 49.8 29.9 50.8 31.8 1.85 2.58 1.31 4.58 1.68
(1) Plots 1, 2, 3 and 4 disced and seeded to oats. Clover winterkilled.
(2) Poor stand of corn.
(3) Oats green when cut; light and chaffy.
(41 Plot 5 injured by squirrels.
(5) Dry season —  low yields.
(6) Total of two cuttings.
(7) Total of three cuttings.
♦The Truesdale Field, Series II, was established in the fall of 1917 on the J. N. Horlacher farm north of Storm Lake, in Buena Vista 
County. It is located in the SB corner of the NW % of the SW % of Section 3, T. 91, N., R. 37 W in Washington Township.
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on the oats in 1926 and on the alfalfa in 1930 and 1932. It showed small gains 
in other seasons.
Complete commercial fertilizer had about the same effect as superphosphate 
in most seasons, showing less influence, however, than the latter material in 
1925, 1926, 1930 and 1931 and having slightly larger effects in some other 
seasons.
The Millerton Field
The data obtained in the field experiment on the Shelby -loam on the Millerton 
Field in Wayne County are given in table 16. Manure increased the crop yields 
on this soil in most seasons, the largest effects being shown on the corn in 1925. 
There was no effect on the clover in 1924 and no effect on the alfalfa in 1929. 
Limestone applied with manure brought about increases in some cases on the 
grain crops particularly on the corn in 1926. It had little effect, however, on 
the clover in 1924 and on the alfalfa in 1929, and none on the oats in 1932.
Rock phosphate with manure and limestone increased the crop yields in 
all seasons, showing large effects on the clover in 1924, on the alfalfa in 1929’, 
on the corn in 1925 and on the oats in 1927 and 1931. Superphosphate with 
manure and limestone showed larger effects than rock phosphate on the wheat 
in 1923, on the clover in 1924, on the oats in 1927 and on the alfalfa in 1928 
and 1929. On the corn crop, however, rock phosphate seemed to have a some­
what larger effect and especially on the oats in 1931, rock phosphate showed a 
larger effect than superphosphate.
Muriate of potash with manure, limestone and superphosphate slightly in­
creased the crop yields in most seasons. It had no large effect except on the
TABLE 16. FIELD EXPERIM ENT, SHELBY LOAM, W AYNE COUNTY 
MILLERTON FIELD,* SERIES I
P
lo
t 
no
. Treatment
19
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 c
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A
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(1
)
19
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w
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A.
19
24
 c
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.
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25
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bu
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r 
A.
19
26
 c
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bu
. 
pe
r 
A
.
19
27
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bu
. 
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A.
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28
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lfa
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er
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(2
)
19
29
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. 
(3
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|
19
30
 c
or
n
bu
. 
pe
r 
A
. 
(4
)
19
31
 o
at
s 
bu
. 
pe
r 
A.
19
32
 o
at
s 
bu
. 
pe
r 
A.
1 Cheek ........................................................ 60.8 10.3 0.76 58.3 34.0 30.7 0.48 12.2 39.4 27.8
2 Manure ...................................................... 63.0 14.5 0.69 65.3 36.0 30.7 0.46 18.8 42.8 31.8
3 Manure-f-limestone .................................. 63.4 10.3 0.86 64.3 44.4 24.9 1.35 18.0 43.2 30.7
4 Manure4-Umestone-(-rock phosphate .. 64.2 15.1 1.09 72.3 49.2 31.9 î.ié 1.72 18.0 71.7 32.9
5 Check ........................................................ 58.1 9.6 0.92 60.6 35.2 29.9 0.35 16.5 38.7 21.1
6 Manure-f-limestohe-j-superphosphate .. 60.5 16,4 1.32 64.2 41.6 36.7 1.33 2.40 16.5 55.5 32.3
7 Manure-j-limestone-j-superphosphate 
-(-muriate o f potash ........................... 64.7 17.0 1.54 60.6 43.6 38.3 1.40 2.34 9.1 59.0 38.7
8 Manure-f-limestone-f-complete com­
mercial fertilizer ................................ 65.6 17.6 1.29 59.3 46.0 41.6 1.28 2.47 8.6 59.0 40.3
9 Check ........................................................ 59.8 10.9 1.03 54.7 36.8 31.2 0.41 43.4 25.0
(1) No limestone applied for the 1922 corn.
(2) Few scattered plants on plots 1, 2, 3, 5 and 9. First cutting clipped back. Results on one 
cutting in August.
(3) Total of three cuttings. Plots 1, 2, 5 and 9 mostly timothy. Plot 3 partly timothy.
(4) Very dry season. Corn fired badly. Plot 9 —  no corn.
(5) Field discontinued in 1933 owing to economy program.
♦The Millerton Field was established in the fall of 1921 on the farm of J. C. Davis, east of 
Millerton in Wayne County. It is located in the NW % of the NE %  of Section 26, R. 21 W. 
T. 70 N. in Union Township.
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clover in 1924. In two cases there was no influence from the potash. Complete 
commercial fertilizer with manure and limestone showed slightly larger effects 
than superphosphate in several seasons. It showed less effect on the clover in 
1924, on the corn in 1925 and on the alfalfa in 1928.
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T H E  N EEDS OF G U TH R IE C O U N T Y  SOILS AS IN D IC A TE D  B Y  
L A B O R A T O R Y , G R EEN H OU SE A N D  F IE LD  TESTS
The laboratory, greenhouse and field tests which have been discussed in pre­
vious pages have given some rather definite indications of the needs of the soils 
of Guthrie County, at least in a general way. It is possible, therefore, to make 
some suggestions regarding the best methods of treatment for the various 
soils in the county.
LIM IN G
Practically all of the soils in Guthrie County are acid in reaction at least in 
the surface soil and hence in need of lime for the best growth of general farm 
crops and especially of legumes. The Webster silty clay loam and the Fargo 
silty clay loam are the only two types which showed any lime content in the 
surface soils in the analyses which have been reported. The Webster soil is 
occasionally acid in reaction at the surface although the lime content of the 
lower soil layers is always high. The Fargo type, however, is always high in 
lime up through the surface soil. The Clarion, Shelby and the other Webster 
types are high in lime in the subsoil, but they are acid in the surface layers. 
The Fargo is, therefore, the only type which is not likely to be acid at the 
surface. Even the Webster soils may be acid in some cases although they may 
be high in lime, in some areas, up through the surface layers. The limestone 
requirements of the soils as given in the tables are indicative only of the needs 
of the soils and should not be accepted as showing the actual lime needs of any 
special areas of the various types. Soils vary so widely in lime needs and 
acidity even when the type is the same, and the needs in different fields may be 
so different, that tests should be made on every soil before lime is applied. Only 
by making tests of the particular area is it possible to apply the correct amount 
of limestone to put the soil in the best condition for crop growth. Farmers 
may test their own soils for acidity or lime needs but it will usually prove 
much more satisfactory if they will send a small sample of the soil to the Soils 
Subsection of the Iowa Agricultural Experiment Station and have it tested 
free of charge.
Acid soils ordinarily will not produce the best growth of crops, and in the 
case of legumes such as sweet clover and alfalfa particularly, it is very impor­
tant that any acidity in the soil be corrected by the application of limestone if 
the crops are to grow at all. Failures of these crops may often be attributed 
to the acidity of the soil. But the yields of such common farm crops as corn 
and the small grains will also often be very largely increased by the addition 
of lime when the soil is extremely acid.
The results of the field experiments, presented earlier in this report, have 
shown the value of liming some of the more important soil types and increases 
in the yields of all the general farm crops have been noted. The results on 
the Tama silt loam, the Carrington loam, the Webster silty clay loam when 
it is acid, the Clarion loam and the Shelby loam have indicated the large bene­
fits to be obtained from the proper liming of soils when they are acid. The 
practical experiences of farmers have also shown the value of liming the acid 
soils of this county.
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Limestone must be applied at regular intervals in the rotation, if soils are 
to be kept neutral. One application will not suffice for all time, as lime is 
constantly lost from soils under cultivation by leaching and removal by crops. 
It seems most desirable that soils be tested once in the rotation and that, if 
necessary, lime be applied just preceding the legume crop. The legume crops 
are most in need of the addition and it is on them that the greatest effects of the 
lime appear. But the influence will also show up on the succeeding grain crops, 
and often the lime gives very large beneficial effects on the corn and small grains.
M ANURING
While some of the soils in Guthrie County are well supplied with organic 
matter as is indicated by their black color, other types are light in color and in 
need of additions of materials supplying organic matter. On the drift uplands 
the soils of the Shelby and Lindley series are particularly in need of organic 
matter, as is also the Clarion fine sandy loam. The Carrington loam and the 
Clarion loam are not low in organic matter, but they are not high and will 
respond in a very large way to applications. On the loessial uplands, the 
Clinton silt loam is very low in organic matter, but the Grundy and Tama 
silt loam will also be benefited by additions. On the terraces the O’Neill 
types are especially deficient in organic matter but the Waukesha and Judson 
soils will be materially benefited by the use of organic matter. The soils of the 
Webster, Bremer and Fargo series and the Wabash types on the bottomlands 
are all high in organic matter and not so apparently in need of additions. 
Even on these soils, however, the use of organic matter at regular intervals is 
necessary if the supply is to be kept up. On the lighter colored soils larger 
amounts must be used now to build up the supply.
The best means of building up and maintaining the supply of organic matter 
in soils is by the proper preservation and application of all the manure pro­
duced on the farm. Under the livestock system of farming the manure will 
aid materially in maintaining the fertility of the soil. It has been shown by 
many experiments and by much experience on 'the farm that the use of farm 
manure will bring about large increases in crop yields. The experiments which 
have been discussed earlier in this report have shown the benefits obtained by 
applying manure to the Tama silt loam, the Carrington loam, the Clarion loam 
and the Shelby loam and even the Webster silty clay loam which is one of those 
types which are black in color and apparently well supplied with organic mat­
ter. On such soils as the Webster, the manure undoubtedly has a different 
sort of an effect, bringing about a more rapid production of available plant 
food constituents and hence benefiting crops mainly for this reason. On all 
the types in the county, then, it may be said that the use of farm manure will 
prove of value. On the richer blacker soils, smaller amounts should be em­
ployed, but on the light colored soils larger applications may be made. On the 
black soils the manure should not be applied just preceding the growing of small 
grain crops owing to the danger of causing the crops to lodge. The regular 
and complete use of all the manure produced on the farm is recommended for 
this county in order to obtain the most satisfactory growth of crops and to 
keep the soils in a condition more nearly permanently productive.
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All the crop residues produced on the farm should be utilized and returned 
to the soil in order to aid in maintaining the supply of organic matter and also 
to return some of the fertility constituents removed by the crops grown. On 
the livestock farm the residues should be used for feed or bedding and returned 
to the land with the manure. On the grain farms they may be stored and 
allowed to decompose at least partially before being applied, or they may be 
added directly. Under both types of farming the residues should not be burned 
nor otherwise destroyed owing to their fertility value.
On many livestock farms and on all grain farms there is not an adequate pro­
duction of farm manure to permit regular additions to all the land on the farm. 
In such cases recourse must be had to some other material to supply organic 
matter, and the use of leguminous crops as green manure has been found to 
be the cheapest and best means of supplementing the farm manure or substi­
tuting for it. When they are inoculated as they should be, legumes may take 
a large part of their nitrogen from the atmosphere and hence when turned 
under in the soil they add nitrogen as well as organic matter and have a double 
fertility value. Green manuring with legumes would certainly prove of 
much value on some of the soils of Guthrie County at the present time, where- 
ever the amount of farm manure is inadequate to supply the land. On the 
light colored, poorer soils the value of green manuring will prove the greatest 
and especially on such soils as the O’Neill types which are sandy or gravelly 
in the subsoils and hence are apt to be drouthy. But the practice will be found 
of value under almost all farming and soil conditions. Green manuring should 
not be followed carelessly or blindly, however, as it may prove injurious if 
there is not a sufficiently rapid decomposition of the green materials when 
plowed down.
T H E  U SE  O F  C O M M E R C IA L  F E R T IL IZ E R S
The soils of Guthrie County are not very well supplied with phosphorus 
according to the analyses which have been discussed previously, and it is ap­
parent, therefore, that this element will sooner or later become a limiting factor 
in crop growth, sooner in some of the poorer soils but in the very near future 
in all cases. The application of phosphorus fertilizers will be needed on the 
soils of the county in the near future even if they are not of value now. But 
the indications are that they may be used with profit in many cases at the 
present time.
The two phosphorus fertilizers which are available for use on soils are rock 
phosphate and superphosphate. Rock phosphate is usually applied at the 
rate of 1,000 pounds per acre once in 4 years. Superphosphate is applied at 
the rate of 120 pounds of the 20 percent material 3 years out of 4 in the 4-year 
rotation. The phosphorus in the superphosphate is in a readily available 
form, while in the rock phosphate it must be changed to become available. In 
most cases rock phosphate does not show its largest beneficial effects until the 
second year after it is applied, while superphosphate shows immediate effects. 
Superphosphate is more costly, but the smaller application required means that 
the fertilizer application is actually less expensive. Rock phosphate must
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bring about much larger increases in crop yields if it is to prove as economically 
desirable for use.
The beneficial effects of phosphates on crop yields have been shown in the 
experiments which have been discussed earlier in this report. The increases 
in crops have been shown on the Tama silt loam, the Carrington loam, the 
Clarion loam, the Webster silty clay loam and the Shelby loam. The other 
soil types in the county would undoubtedly respond in just as large a way and 
perhaps even larger to the use of a phosphate fertilizer. In some cases super­
phosphate seemed to give better results, but in other instances rock phosphate 
did just as well or even better. It is not possible at present to say which of 
the two materials will prove more desirable for use under individual farm 
conditions. Farmers will find it most satisfactory to test both fertilizers on 
small areas on their farms to determine whether or not phosphorus will pay 
on their land and which phosphate should be used.
The nitrogen content of the soils of Guthrie County is not very high in most 
of the soils and, in general, it is actually low. Nitrogen must not be over­
looked when systems of permanent fertility are planned for the county.
The application of farm manure and the plowing under of crop residues 
both aid materially in keeping up the supply of nitrogen in the soil. But they 
return only a part of the nitrogen taken out of the soil by the crops grown, 
and if it is necessary to build up the content of nitrogen then the use of legumes 
as green manures is the best means to employ. Legumes when inoculated take 
much of their nitrogen from the free nitrogen in the air, and when turned under 
they act, therefore, like a nitrogen fertilizer. The use of legumes as green 
manures is especially desirable when the nitrogen content of the soil is low and 
must be increased for the best growth of crops. On the light colored types, 
low in nitrogen, green manuring is particularly recommended. Large in­
creases in the yields of crops will follow the proper use of legumes as green 
manures, and even on the richer soils the regular use of legumes as green 
manures will help maintain the fertility of the land. The use of commercial 
nitrogenous fertilizers cannot be recommended for general use in the county 
at present. Legumes as green manures will supply nitrogen more cheaply 
and just as satisfactorily.
The soils of the county are generally well supplied with potassium, and the 
general use of commercial potassium fertilizers in the area cannot be rec­
ommended. Soils which are kept up in organic matter and properly supplied 
with lime and other plant food and handled properly are not likely to be lacking 
in available potassium. On small areas, for special crops, commercial potash 
fertilizers may prove of value. But for general farm crops they are not likely 
to be needed. They should not be applied to any extensive area until they have 
been tested on a small area and their value demonstrated for the particular 
conditions.
Complete commercial fertilizers may prove of value in some cases in the 
county, but their general use cannot be recommended until they have been 
tested on small areas and compared with superphosphate. In many cases 
superphosphate has proven quite as beneficial as the complete fertilizer, and as
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the phosphate is cheaper its use is more desirable. Any complete commercial 
fertilizer must bring about a much larger increase in crop yields than super­
phosphate if it is to prove as desirable for use, because of the greater cost of the 
application. The complete commercial fertilizers do not have any injurious 
effect on the land, and their use is in no way objectionable. It is merely a 
question of the profit from the application. I f  tests on small areas show them 
to be of more value than superphosphate, then they may be applied to large 
areas with confidence.
D R AIN AG E
The drainage of most of the soils in the county is quite adequate, and no 
need for artificial drainage is apparent. In some cases, however, the natural 
drainage system is not adequate, and then tiling or ditching is needed. In the 
northeastern part of the county there is some need for drainage, especially in the 
areas of the Webster silty clay loam, a type which is likely to be poorly drained 
naturally. Some areas in other types may need drainage, too, in small areas. 
The Fargo and Bremer soils on the terraces are in need of drainage as they 
are naturally poorly drained. The Wabash soils on the bottoms, too, especially 
the Wabash silty clay loam, are in need of drainage, but they must also be pro­
tected from overflow if they are to be satisfactorily cultivated.
Soils which are too wet will not produce good crops, and the first treatment 
in such cases is the installation of tile or the ditching of the land if there are 
no adequate natural drainage channels. The expense of drainage may be con­
siderable, but the returns will more than warrant the outlay. I f  the land is 
to be cultivated good drainage is essential, and no other treatment of the soil 
will prove of value on land which is too wet. Drainage is the first thing that 
should be checked up on if there is any evidence of poor crop growth.
T H E  R O T A T IO N  OF CROPS
The continuous growing of one crop will very quickly reduce the fertility 
of the land and make it unprofitable to grow the crop. Too often, however, in 
spite of a general knowledge of this fact, farmers follow the practice because of 
the large money value of some crop. It has been found that even when crops 
of lower money value are included in a rotation, the profits of all the 
crops grown over a period of years is much greater when a good rotation is 
practiced. This is because even a money crop will not continue to produce 
profit if it is grown on land continuously. .
No rotation experiments have been carried out in Guthrie County but there 
are many good rotations which may be followed with entire satisfaction. The 
following are desirable rotations for use in the county. Any of them may be 
used as suggested or they may serve as a basis for working out a rotation to fit 
the special conditions on the farm. Any rotation may be employed provided 
it contains a legume and the money crop of the region.
1. Six-Year Rotation
F i r s t  y e a r — Corn
S e c o n d  y e a r — Corn
T h i r d  y e a r — Wheat or oats (with clover or clover and grass)
F o u r t h  y e a r — Clover or clover and grass
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F i f t h  y e a r — Wheat (with clover) or grass and clover
S i x t h  y e a r — Clover or clover and grass . . , ,, . ,,
This rotation may be reduced to a 5-year rotation by omitting the second or the sixth 
year and to a 4-year rotation by cutting out the fifth and sixth years.
2. Four or Five-Year Rotation
F i r s t  y e a r — Corn 
S e c o n d  y e a r — Corn
T h i r d  y e a r —Wheat or oats (with clover or clover and timothy)
F o u r t h  y e a r — Clover ( I f  timothy was seeded with the clover the preceding year, the rota­
tion may be extended to 5 years. The last erop will consist principally of timothy.)
3. Four-Year Rotation with Alfalfa
F i r s t  y e a r — Corn 
S e c o n d  y e a r — Oats 
T h i r d  y e a r — Clover
F o u r t h  y e a r —Wheat , _ . _ , ,  , I« '- ,
F i f t h  y e a r — Alfalfa (The crop may remain on the land 5 years. This field ¡mould then 
be used for the 4-year rotation outlined above and the alfalfa shifted to one of the fields which 
previously was in the 4-year system.)
4. Four-Year Rotations
F i r s t  y e a r — Wheat (with elover) 
S e c o n d  y e a r — Corn 
T h i r d  y e a r — Oats (with clover) 
F o u r t h  y e a r — Clover
F i r s t  y e a r — Corn
S e c o n d  y e a r —Wheat or oats (with clover)
T h i r d  y e a r — G l o v e r
F o u r t h  y e a r —Wheat (with clover)
F i r s t  y e a r —Wheat (with clover)
S e c o n d  y e a r — Clover
T h i r d  y e a r — Corn
F o u r t h  y e a r — Oats (with clover)
5. Three-Year Rotations
F i r s t  y e a r — Corn . . .
S e c o n d  y e a r — Oats or wheat (with elover seeded in the gram)
T h i r d  y e a r — Clover (In grain farming only the grain and clover seed should be sold; most 
o f the crop residues such as corn stover should be plowed under. The clover may be clipped 
and left on the land to be returned to the soil and only the seed taken from the second crop.)
F i r s t  y e a r — Corn
S e c o n d  y e a r — Oats or wheat (with sweet clover)
T h i r d  y e a r — Sweet clover (The clover may be mixed clovers and used largely for pasture 
and green manure.) (This may be changed to a 2-year rotation by plowing the sweet clover 
under the following spring for corn.)
F i r s t  y e a r —Wheat (with clover)
S e c o n d  y e a r — Corn
T h i r d  y e a r — Cowpeas or soybeans
T H E  PR E V E N T IO N  OF ERO SIO N
Erosion is the carrying away of the surface soil by the free movement of 
water over "the land. There are two types of erosion, sheet washing and gully­
ing. Sheet erosion is the washing away of the surface soil. Gullying is more 
striking in appearance, since gulches or ravines may be formed.
Some erosion occurs in Guthrie County. On the drift uplands the Shelby 
loam, the Lindley loam and the Carrington and Clarion soils are affected. On 
the loessial uplands, the Tama silt loam, shallow phase, has been formed by ex­
cessive sheet washing and the large removal of the surface soil. The Tama silt
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loam and the Clinton silt loam are subject to more or less extensive erosion. 
Wherever erosion occurs some means of prevention or control should be adopted.
Various methods are followed to control and prevent erosion in Iowa. These 
methods differ somewhat, depending upon the type of erosion. Erosion because 
of dead furrows may be controlled by “ plowing in,” by “ staking in,”  or by the 
use of earth dams.
Small gullies may be filled by the “ staking in”  operation, by the use of straw 
dams, earth dams, Christopher or Dickey dams, Adams dams, stone dams, rub­
bish dams, woven wire dams or concrete dams. Gullies may be prevented from 
forming by thorough drainage or by the use of sod strips. Large gullies may 
be similarly filled or prevented from occurring. Erosion in bottomland may 
be prevented by straightening the streams, by tiling, and planting trees up the 
drainage channels. Hillside erosion may be controlled by the use of organic 
matter, by growing cover crops, by contour discing, by terracing, by deep plow­
ing, or by the use of sod strips or a system of “ strip cropping.” 2
2 Clyde, A. W. Terracing to reduce erosion. Iowa Agr. Ext. Service, Bui. 172. 1931.
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IN D IV ID U A L  SOIL T YP E S IN G UTH R IE C O U N T Y 3 
There are 23 soil types in Guthrie County and these with the steep phase of 
the Clarion loam, the shallow phase of the Tama silt loam, the colluvial phase of 
the Wabash silt loam and the area of peat and muck make a total of 27 separate 
soil areas. They are divided into five large groups according to their origin 
and location. These groups are drift soils, loess soils, terrace soils, swamp and 
bottomland soils and residual soils.
D R IFT SOILS
There are eight drift types, and these with the steep phase of the Clarion 
loam make nine drift soils. Together they cover 48.4 percent of the total area 
of the county. They are classified in the Shelby, Carrington, Webster, Lind- 
ley, Clarion and Dickinson series.
Shelby Loam (S) (79)
The Shelby loam is the largest drift soil and the largest individual soil type 
in the county, covering 25.8 percent of the total area. It is found in extensive
developments in that part of the county west 
and south of the Middle Raccoon River. It 
occurs on the slopes adjacent to practically 
all the streams and their tributaries in this 
section of the county. It has been derived 
from the glacial till laid down by the Kansan 
ice sheet and exposed after the removal of the 
silt covering by erosion. In some cases the 
surface is modified by some of the silty 
material, but in general this silt has been 
removed and the soil is entirely made up of 
the drift.
The surface soil of the Shelby loam is a 
dark grayish-brown mellow loam, ranging in 
depth from a very thin layer to about 8 inches, 
depending upon the steepness of the slope. 
From 8 to about 12 inches there is a brown 
to grayish-brown rather gritty loam or sandy 
loam. From 12 to 21 inches the soil is a 
brown to yellowish-brown gritty clay loam and from 21 to 36 inches it is a 
yellowish-brown clay loam. Below 36 inches the subsoil is a yellowish to red­
dish-brown gritty clay loam mottled with gray, white or rusty-brown. Bould­
ers of varying size are found throughout the subsoil.
There are many variations in the Shelby loam in the different areas of the 
type. On the upper part of the slope the texture of the surface soil is quite 
silty being made up of a thin loess layer, over the drift. At the middle of the 
slope the soil contains more sand, and at the base of the slope it is very sandy.
3 The descriptions of individual soil types given in this section of the report very closely follow 
those in the Bureau of Soils report.
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Fig. 5. Typical landscape o f Shelby loam.
The depth of the surface soil is readily noticeable. On many of the sharp 
crests of the ridges the soil is yellowish-brown or even reddish-brown, the sur­
face soil having been completely eroded and the subsoil exposed. Gullies are 
very quickly formed when the steep slopes are cultivated. Along the north 
bank of the South Raccoon River the Shelby loam is different from that mapped 
in the rest of the county. Here the surface soil is very thin, the subsoil is red­
dish-brown and the texture is sandy and gravelly. Large rusty-brown iron 
concretions are found on the surface and through the soil section.
In topography the Shelby loam varies from strongly rolling to hilly. Nat­
ural drainage is good to excessive and the rapid run-off of water causes serious 
erosion. The slopes are so often steep that a large part of the type cannot be 
cultivated successfully. In Bear Grove, Baker, Grant and Thompson town­
ships, the soil has a deeper surface soil and the slopes are not so steep. Here 
the greater part of the soil may be cultivated. Many areas which have been 
cropped have been seriously eroded and allowed to return to pasture after the 
surface soil has been almost entirely removed. A  large part of the type which is 
uncultivable, is forested with oak, plum, elm and haw trees and other slopes are 
thickly covered with buck brush and hazel brush. Recently trees have en­
croached on a large part of the slopes along the streams.
When the Shelby loam is cultivated it is not highly productive and there is 
always considerable danger of erosion and a regular loss of the surface soil by 
washing. It should not be cultivated when it is at all steep in topography and 
when used for cultivated crops on the less steep areas, a short rotation should 
be followed with only 1 year out of 4 or 5 in corn. Then, too, it should be lib-
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erally manured, using all the farm manure and residues available, and arrang­
ing to turn under all or a part of the legume crop of the rotation, in order to 
build up the soil in organic matter and make it more absorptive and retentive 
of moisture. The use of manure has been found to bring about large crop in­
creases as well as improved conditions for permanent fertility. The type is 
acid in reaction and must be limed for the best growth of crops, especially le­
gumes. The use of a phosphate fertilizer would undoubtedly help, and tests 
of superphosphate are recommended. The experiments reported earlier in 
this bulletin have shown the large value from the use of manure, limestone and 
a phosphate fertilizer on this soil. When the type is left in pasture it is pos­
sible to make these pastures more productive than at present. Some of them 
are very thin and weedy and have very little value from the feed standpoint. 
Discing and reseeding, along with proper fertilization, including manuring, 
liming and the use of a phosphate fertilizer, will improve the pastures.
Carrington Loam (C) (1)
The Carrington loam is the second largest drift soil and the fourth largest 
type in the county, covering 10.7 percent of the total area. It is the most ex­
tensively developed upland soil in the drift section of the county, or that part 
east of the Middle Raccoon River. It covers about one-half of this section of 
the county.
The surface soil of the Carrington loam is a very dark grayish-brown loam, 
12 to 14 inches in depth. It contains considerable amounts of sand and fine 
sand, and is high in organic matter content, which accounts for its dark color. 
From 14 to 20 inches there is a dark yellowish-brown heavy loam to sandy clay 
loam. From 20 to 30 inches it is a yellowish-brown sandy clay loam, the upper 
part of this layer being somewhat darker 
than the lower part. Many small boulders 
are found embedded in this layer. Below 30 
inches the subsoil is a bright yellowish-brown A| 
gritty sandy clay loam. No lime is present to 
a depth of 50 inches, but below that point B 
calcareous material is usually present. In 
topography the Carrington loam is undulating 
to slightly rolling, and the drainage is nor- * 
mally entirely adequate.
Practically all of the type is under cultiva­
tion, and general farm crops are grown. The 
yields are usually satisfactory, but they might 
be much improved by proper methods of soil c, 
management. The average yield of corn is 
reported to be between 45 and 50 bushels per 
acre but sometimes reaching 85- to 90 bushels 
per acre. Other crops yield similarly high 
under the better systems of farming, and especially where manure is available 
and regularly applied in liberal amounts. In general it may be said that farm
CAEE2INGTON LOAM
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manure brings about large crop increases on this soil, and it should be applied 
as liberally as the production will permit. The use of legumes as green manures 
will also prove of value on this soil to build up the supply of organic matter and 
keep up fertility. The type is acid in reaction and therefore in need of lime for 
the best growth of crops and especially of legumes. The addition of a phosphate 
fertilizer would undoubtedly prove of value, and tests of rock phosphate and 
superphosphate are urged. The experiments reported on this soil have shown 
the large effects obtained by the use of manure, limestone and a phosphate on 
the yields of general farm crops.
WEB5TEB 5ILTY CLAY LOAM 
o
D ar k  g r a y  o r g r o y ’i s h  
b r o w n  s i  I t y  c l a y
D ark  g r a y  to  d u l l  g r a y  
s i l t y  c l a y  l o a m  
t o  h e a v y  s i l t  l o a m
Webster Silty Clay Loam (W s) (107)
The Webster silty clay loam is the third largest drift soil in the county and 
the sixth largest individual type. It covers 5.9 percent of the total area. It
occurs in numerous areas of varying size, in 
the drift section of the county, northeast of the 
Middle Raccoon River. It occupies broad flat 
plains or saucer-like basins, either separate or 
interlocking one with the other and extending 
in continuous chains for several miles, wide in 
one place and narrowing to a few hundred feet 
in another. Small knolls appear above the 
general level in the large areas.
The surface soil of the Webster silty clay 
c loam is a very dark brown to black silty clay 
loam sticky when wet and hard when dry. 
During dry periods large cracks appear in the 
surface layer. This layer is usually high in 
lime and effervesces when treated with acid. 
It extends to a depth of about 10 inches. From 
10 to 15 inches there is a black or grayish- 
black heavy silty clay or clay, which is very 
plastic when wet, but under good moisture 
conditions is a fine granular mass. From 15 
to 24 inches the soil is a dark gray or grayish-brown silty clay mottled and 
stained with light gray and rusty-brown. A  few small gravel are found in 
this layer. From 24 to 25 inches the color of the soil ranges from a dark 
gray to a dull gray, and the texture becomes quite silty in the lower part. 
Small limerocks and concretions occur in this layer. Below 35 inches the sub­
soil is a gray silty unweathered glacial till, with white lime streaks and iron 
stains. Boulders are found throughout the layer. The type is found in level 
to flat or depressed areas, which were formerly sloughs, and they accumulated 
large amounts of plant remains, under water, before they were drained. As a 
result there are layers of peat and muck overlying the typical Webster soil, in 
thin layers in many cases. These are not of sufficient depth to affect the condi­
tions in the soil to any important extent.
G r a y  s i l t y  c l a y  loam 
.•to s i l t y  c l a y  w i t h  
w h i t e  s t r e a k s  and 
i r o n  s t a i n s
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Most of the Webster silty clay loam is under cultivation, and when it is tho­
roughly drained it produces very satisfactory yields of crops. Corn ordinarily 
yields from 45 to 50 bushels per acre. Small grains have a tendency to make 
too rank a growth of straw and may lodge. The stiff-strawed varieties, how­
ever, will make good yields. Hay crops yield abundantly. The type is heavy 
in texture, sticky when wet and has a tendency to crack badly when dry. It is 
very important to plow the land when it is not too wet and handle it in the right 
condition of moisture at all times, if  the physical condition is to be right, or the 
tilth is to be such that the best crop yields may be obtained. The use of farm 
manure will, improve the fertility of the soil, small amounts being especially 
valuable on newly drained areas to stimulate the production of available plant 
food. The use of manure will increase crop yields on this type as has been in­
dicated in the experiments discussed earlier in this report. The type is not 
usually acid in reaction, but if  it is acid at the surface, the use of lime is neces­
sary for the growing of legumes. The addition of a phosphate fertilizer would 
also prove of value, and tests of rock phosphate and superphosphate are 
recommended. The results which have been obtained by the use of a phosphate 
on this soil have indicated that profitable results may be expected from the 
application.
The Clarion loam is the fourth largest drift soil, covering 3.8 percent of the 
total area. It occurs in association with the Carrington loam in the drift section 
of the county. There are numerous areas of varying size, the largest being 
found in Highland, Eichland, Dodge and Cass townships, south of Bayard, east 
and north of Jamaica, southwest of Bagley
and east and northeast of Panora, respectively. CLARION LOAM
evenly distributed throughout the layer. .
Small boulders and fragments of limerock
are found. Prom 46 to 60 inches the subsoil is a pale yellow, or pale yellowish- 
brown fine sandy clay loam somewhat stained with iron. The texture ranges
Clarion Loam (Cl) (138)
The surface soil of the Clarion loam to a 
depth of 12 inches is a very dark brown or 
dark grayish-brown loam. From 12 to 16 
inches there is a dark yellowish-brown light
silty clay loam, not uniform in color but D|
streaked and splotched with dark organic
Dull y e l l o w i s h  b r o w  
Sandhi c l a y  l o a mmatter from above. Prom 16 to 27 inches
there is a dull yellowish-brown sandy clay 
loam, with increasing amounts of sand and 
small boulders in the lower depths. Some G r a y i s h  y e l l o w  
o r  a l m o s t  y e l l o w
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Dark organic matter streaks extend down into 
this layer. From 27 to 46 inches there is a 
grayish-yelloV or almost yellow structureless 
heavy fine sandy loam or silt loam. The 
color is uniform in this layer and lime is
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from a sandy clay loam or silt loam to fine sandy loam. Streaks of gray and 
white material, mainly lime, are numerous through the lower layers. Below 
60 inches the material does not differ much from that above but consists of 
alternate layers of highly calcareous yellow and gray material varying consider­
ably in texture. Boulders and lime fragments are found in this layer.
The Clarion loam is all under cultivation, and general farm crops are grown. 
The yields are much the same as on the Carrington loam and in general are 
fairly satisfactory. The natural drainage of the type is good owing to the 
undulating topography and the gritty subsoil. The use of farm manure would 
prove of large value on the soil, and the turning under of legumes as green 
manures would also prove helpful, in building up the supply of organic matter 
and making the land more productive. The surface soil of the type is acid in 
reaction, and lime must be applied regularly to make the land most satisfactorily 
productive. The addition of a phosphate fertilizer will undoubtedly prove of 
value, and tests of rock phosphate and superphosphate are recommended. The 
experiments which have been carried out with this soil have shown large effects 
from the application of manure, limestone and a phosphate .fertilizer.
LINDLEY LOAM
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Lindley Loam (L ) (65)
The Lindley loam is the fifth drift soil in the county, in area, covering 1.2 
percent of the county. It is one of the few forested soils in the county and is
mapped in the rougher sections along the 
main streams. It is found mainly along the 
Middle Raccoon River in Victory, Cass and 
Jackson townships. Small areas are found 
along some of the other streams and in other 
parts of the county.
The surface soil of the Lindley loam is a 
gray or brownish-gray friable loam, usually 
about 4 inches in depth. From 4 to 12 inches 
there is a gray to brownish-gray or yellowish- 
gray heavy loam. From 12 to 24 inches the 
soil is a yellowish-brown silty clay loam, 
and from 24 to 40 inches the subsoil is a 
yellowish-brown heavy gritty silty clay loam 
which below 40 inches changes into a sandy 
or gritty clay loam to clay mottled with gray 
and iron stains.
Only a few isolated areas on ridge tops 
have been cleared and cropped to small 
grain and hay, and the remainder of the land in the type is used for pas­
ture. The land in timber is of little use for pasture purposes owing to the 
dense stand of trees, and it is so steep that the cutting and removal of timber 
is difficult. On the cultivated areas, which are small and relatively unimpor­
tant, the soil would be benefited by applications of farm manure or the turning 
under of legumes as green manures, to build up the organic matter content. 
The type is acid in reaction and would be in need of lime for legume growing.
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The use of a phosphate fertilizer would prove of value, and tests of superphos­
phate are recommended. Undoubtedly most of the land in the type is too 
steep for cultivation and should be left in timber and pasture.
Webster Loam (W m ) (55)
The Webster loam is a minor type in the county, covering only 0.5 percent of 
the total area. It occurs in many small areas in the drift section of the county 
in association with the Clarion, Carrington 
and Webster silty clay loam soils. The largest 
developments of the type are found southeast 
of Yale and in the vicinity of Herndon.
The surface soil of the Webster loam is a • 
very dark grayish-brown loam, extending to 
a depth of about 12 inches. Prom 12 to 20 
inches the soil is a dark grayish-brown silty ' 
clay loam. The subsoil from 20 to 36 inches 
is a grayish-brown clay mottled with gray, 
yellow and white lime concretions. The lower c 
subsoil to a depth of 60 inches is a mottled 
grayish-brown to yellowish-brown sandy gritty 
clay loam high in lime, and hence showing 
white streaks and splotches.
The Webster loam occurs in somewhat 
higher positions than the silty clay loam, and 
it is naturally well drained. It contains much 
sand and fine sand in the surface layer and 
hence is much easier to handle than the 
heavier soil of the series. It is all under 
cultivation, and the yields are much the same as on the Clarion loam and 
Carrington loam. It will be improved in fertility by the addition of farm 
manure, and the turning under of legumes as green manures would also help 
to keep the soil permanently productive. The surface soil is usually acid, and 
although there is lime in the subsoil it may be necessary to supply lime in order 
to obtain a good growth of such legumes as sweet clover and alfalfa. The use 
of a phosphate fertilizer will undoubtedly prove worth while, and tests of 
superphosphate and rock phosphate are desirable.
Clarion Fine Sandy Loam (Cf) (149)
The Clarion fine sandy loam is a minor type in the county, covering only 0.3 
percent of the total area. It occurs in areas of Clarion loam, occupying the 
high knolls or long narrow ridges near the larger streams. It is developed 
mainly in Dodge and Highland townships, although there are a number of 
areas of the type in other parts of the drift section of the county.
The surface soil of the Clarion fine sandy loam to a depth of 8 to 10 inches 
is a dark brown loose fine sandy loam. It is underlaid by a yellowish-brown and 
pale yellow material ranging from sand to fine sand in the upper part to a 
gritty clay to sandy clay loam in the lower layers.
The type is farmed with the adjacent soils and handled similarly, with a 
resulting low yield as the soil is low in organic matter, low in fertility and in-
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dined to be drouthy. It needs liberal additions of farm manure, the use of 
legumes as green manures and the thorough utilization of all residues to build 
up the organic matter supply and make the soil less drouthy and more produc­
tive. It is acid in reaction and in need of lime for the best growth of crops and 
the application of a phosphate fertilizer would help, applying superphosphate 
at the rate of 120 pounds per acre. With liberal additions of organic matter, 
the use of lime and superphosphate good yields of crops may be obtained on 
this type.
Clarion Loam (steep phase) (Cl) (151)
The steep phase of the Clarion loam is of very minor importance in the county, 
covering only 0.1 percent of the total area. It occurs on the steep slopes ad­
jacent to the larger streams in the drift section of the county. The main de­
velopments are along Greenbriar Creek in the northeastern part of Richland 
Township.
The surface soil of this phase is extremely variable, ranging from a dark 
grayish-brown friable loam, to a pale yellow calcareous material left exposed 
after the removal of the surface soil by erosion. All variations occur between 
these two extremes of surface soil condition. In general the surface soil is very 
thin, if any remains, and the underlying layer is a yellowish-brown fine sandy 
clay loam which changes into a pale yellow to mottled yellow friable gritty 
silty clay loam, silty clay or clay marked with gray and white lime streaks. The 
texture of the surface soil may range from a loam to a gravelly loam and the 
subsoil from a sandy clay loam to almost gravel, within a short distance.
This soil is not cultivated but is all in pasture continuously. It is too steep 
to be used for cultivated crops. Bluegrass, bluestem and various other grasses 
grow in the areas. There are many weeds, and the pastures are apt to be poor 
and to suffer especially in dry seasons.
DICKINSON FINE SANDY LOAM
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Dickinson Fine Sandy Loam (D f) (175)
The Dickinson fine sandy loam is a minor type in the county, covering only
0.1 percent of the total area. It is found in 
the northeastern part of the county in asso­
ciation with the Carrington and Clarion soils.
The surface soil of the Dickinson fine sandy 
loam is a dark brown fine sandy loam to a 
depth of about 8 inches. From 8 to 24 inches 
there is a brown sandy loam and the subsoil 
below 24 inches is a yellow, gray and brown 
sandy loam to sand with some fine gravel. 
The color of the subsoil is often a yellowish- 
brown, and there is ordinarily little change 
in the texture of the soil down through the 
soil section.
The type is very drouthy and must be 
carefully handled and treated with large 
amounts of organic matter to be made satis­
factorily productive. Liberal applications of 
farm manure and the turning under of
Low a c id ify  
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legumes as green manures will improve the conditions in the type very materially 
for general farm crops and also for special crops. The type is well adapted to 
the growing of truck crops and such crops would prove profitable provided 
markets were available. Such crops would be benefited by the use of a complete 
commercial fertilizer. For general farm crops the use of a phosphate preferably 
superphosphate would prove of value. For growing legumes it will be necessary 
to lime as the soil is acid in reaction.
LOESS SOILS
There are four loess soils and one phase in the county, making five areas of 
loess soils. They are classified in the Tama, Grundy, Clinton and Marshall 
series. Together they cover 34.6 percent of the total area.
Tama Silt Loam (shallow phase) (Ts) (143)
The shallow phase of the Tama silt loam is the most extensively developed of 
the loess soils and the second largest soil type in the county, covering 19.5 per­
cent of the total area. It occurs in extensive areas throughout the loess region 
of the county, occupying practically all the strongly rolling plains and ridges 
from which not all the silty loess covering has been removed, but there has been 
so large a loss by erosion that the drift material is very near the surface, affecting 
the soil texture.
The surface soil of the type is a light brown or brown smooth friable silt loam 
extending to a depth not exceeding 6 inches. Below this the color becomes more 
yellowish-brown and at a depth of about 10 inches the texture changes to a silty 
clay loam. The lower part of the subsoil is like that of the typical Tama silt 
loam, a pale yellowish-brown or brown even-textured silt loam streaked with 
dark organic matter and changing at 44 inches into a mottled gray, brown and 
rusty-brown structureless silt loam. There is considerable variation in the
Fig. 6. Shelby slopes with shallow Tama on ridges.
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depth of the surface soil as would be expected, and in some cases the drift sub­
soil is practically exposed at the surface, or the covering of loess is so thin that
the yellow till shows through. The topo­
graphy of the phase is strongly rolling to 
almost hilly. The slopes are steep and the 
ridges narrow. Conditions have been ex­
tremely suitable for erosion, and the phase has 
been formed by the extensive erosion which 
has occurred.
A  small part of the land in the type is 
covered with a dense growth of hazel brush, 
buck brush and a few scattered trees, mainly 
plum, scrub oak and elm. Much of the phase 
is not suitable for cultivation owing to its 
topography and should be left in pasture, or 
be used for hay land. It is well adapted to 
hay crops and pasture grasses. On the 
shallower areas the growth of pasture crops 
is poor, and it is difficult to keep the land 
sufficiently covered with vegetation to protect 
it from further washing. The more gentle 
slopes of the type are cultivated and short 
rotations are followed. In such areas the yields are not high as the fertility 
of the shallow soil is low. The soil will be improved materially for the growth 
of general farm crops by the liberal application of farm manure and by the 
turning under of legumes as green manures. The soil is acid and the use of 
lime will be needed especially when legumes are to be grown. The use of a 
phosphate fertilizer will help and tests of superphosphate are desirable. The areas 
in pasture may be improved in some cases, by discing, reseeding, liming and fer­
tilizing, with manure and a phosphate.
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Tama Silt Loam (Ts) (120)
The typical Tama silt loam is the second loess soil in area in the county and the 
third largest type. It covers 12.9 percent of the total area. It occurs on the 
uplands in extensive areas, south and west of the Middle Raccoon River, or in 
the loess section of the county. It is one of the most important soils of the coun­
ty from the standpoint of crops as it is the largest soil which can be utilized for 
cultivated crops.
The surface soil of the Tama silt loam is a dark grayish-brown friable silt 
loam extending to a depth of about 15 inches. From 15 to 22 inches there is a 
grayish-brown to light brown or yellowish-brown heavy silt loam. From 22 to 
32 inches the soil is a yellowish-brown friable heavy silt loam, with some dark 
streaks of organic matter and a few iron stains and some gray markings. Below 
32 inches and extending to a depth of 44 inches, there is a pale yellowish-brown 
or brown even-textured silt loam splotched and streaked with dark colors from 
organic matter. Colorations of gray and rusty-brown occur and the soil material 
is structureless. Below 44 inches the subsoil is a mottled gray, brown and 
rusty-brown structureless silt loam, containing a few iron concretions.
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Practically all the Tama silt loam is under cultivation, but the more sloping 
areas are allowed to remain in hay and pasture for longer periods and when they 
are plowed only one crop of corn is produced and the field is immediately seeded 
down again. On the more gently undulating areas, the usual rotation of corn, 
corn, oats and a legume is followed, but there the legume or hay crop is generally 
a mixture of clover and timothy and is cut for hay and then used for pasture, 
usually remaining on the land for 3 or 4 years. There is always danger of 
erosion if the land is not properly cropped and handled. On the poorer areas 
of the type, the corn yields are as low as 20 bushels per acre, but on the areas 
where the soil is properly handled the yields may go as high as 75 bushels per 
acre. Yields o f small grains and hay crops are likewise quite variable, depend­
ing upon the soil management practices which have been followed.
The chief needs of the Tama silt loam when it is cultivated are for protection 
from erosion, addition of organic matter, proper cropping, the application of 
lime to correct the acidity of the soil and the use of a phosphate fertilizer. Lib­
eral applications of farm manure will make the land much more productive and 
the turning under of legumes will also improve the fertility of the soil materially, 
as well as protecting it from erosion by making it more absorptive of water. The 
addition of lime is necessary for all crops but especially for legumes. The addi­
tion of a phosphate fertilizer would prove of value, and tests of rock phosphate 
and superphosphate would be desirable. The field experiments with this soil 
which have been discussed earlier indicate the large value of these various fertil­
izing materials on this soil.
Grundy Silt Loam (Gs) (64)
The Grundy silt loam is a minor type in the county, covering 1.3 percent of 
the total area. It occurs on the level divides followed by the Chicago, Rock Island 
and Pacific Railway from Stuart west to Casey, 
and between the Middle Raccoon and South 
Raccoon rivers. There are small areas on the 
divides between some of the smaller streams in 
the southeastern part of the county.
The surface soil of the Grundy silt loam is 
a very dark grayish-brown friable silt loam 
extending to a depth of about 15 inches. When 
wet the soil is almost black. Between 15 and 
20 inches there is a brown heavy silt loam.
Some dark organic matter coloring is present.
Below 20 inches and extending to a depth of 
about 30 inches, the material is a gray and 
drab silty clay, much heavier in texture than 
the layer above. Some dark streaks of organic 
matter are found in this layer. Below 30 
inches the subsoil is a mottled gray and brown 
clay loam containing numerous mottlings of 
rusty-brown and black.
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The Grundy silt loam is all under cultivation, and general farm crops are 
grown. The type is usually associated with the Tama silt loam and some other 
types and is farmed with them. It is naturally a fertile soil, but in many areas 
the drainage of the type is inadequate and this must be corrected if the production 
of crops is to prove satisfactory. The type is level in topography and this 
with the heavy subsoil prevents thorough underdrainage. When well drained, 
however, the yields are good. Corn averages 45 bushels per acre, with yields 
ranging from 30 to 85 bushels on different farms. The type would be mater­
ially benefited by the use of farm manure and it is desirable that a legume be 
used in the rotation, which is not a common practice now. These methods would 
permit maintaining the supply of organic matter in the soil which is bound to 
decrease under the present all too common method of continuous cropping to corn 
or of growing corn and small grains with no legumes. The soil is acid in re­
action and must be limed for the best growth of all farm crops and particul­
arly of legumes. The use of a phosphate fertilizer would also prove of value, 
and tests of superphosphate and rock phosphate would be most desirable.
CLINTON SILT LOAM
Clinton Silt Loam (Cs) (80)
The Clinton silt loam is a minor type in the county, covering 0.7 percent of 
the total area. It occurs in small areas along the larger streams and their tribu­
taries in the loessial section of the county. 
The largest development of the type is along 
the Middle Raccoon River in Jackson and 
Victory townships and along Bear Grove Creek 
in Baker and Thompson townships.
The surface soil of the type is a grayish- 
brown or gray smooth silt loam extending to 
a depth of about 9 inches. Below this point 
been formed by the extensive erosion which 
gray heavy silt loam. From 12 to 40 inches, 
the subsoil is a very compact stiff, plastic 
yellowish-brown clay loam. Below 40 inches 
there is a mottled gray, brown and yellow silty 
clay loam, stained with rusty-brown and black.
The Clinton silt loam is locally known as 
“white oak” or “hickory” soil. It was once 
thickly forested with oaks and hickory, long 
before it was settled. More than one-half of the 
type has now been cleared and placed under 
cultivation. In many places the cleared areas 
have been seriously eroded and gullied and have been allowed to revert to pasture, 
and even to timber. The narrow ridge tops are kept under cultivation with 
hay and small grains chiefly grown. Yields of crops are rather low, and the 
soil needs to be treated with farm manure or to have legumes turned under as 
green manures to improve its fertility. The use of lime is necessary as the type 
is acid and legumes will not grow well without liming. The use of a phosphate 
will help, and tests of superphosphate are recommended.
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MARSHALL SILT LOAM
Marshall Silt Loam (M s) (9)
The Marshall silt loam is a minor type in the county, covering only 0.2 percent 
of the total area. It occurs in several areas limited in size in the northwestern 
part of the county.
The surface soil of the type is a dark grayish-brown to very dark brown silt 
loam extending to a depth of about 10 inches. The soil between 10 and 
18 inches is a dark brown silt loam and from 
18 to 32 inches is a brown heavy silt loam to 
silty clay loam. Below 32 inches the subsoil 
is a brown silty clay loam mottled with gray 
and grayish-yellow. The lower soil layers are 
well supplied with lime which is the chief
difference from the Tama silt loam. On the lllllllllllilllllllllllllll ia. 
more level areas where leaching has gone on 
for longer periods, the lime occurs only at a 
depth of several feet. On slopes where erosion 
has occurred to a considerable extent, the lime 
is much nearer the surface. In Guthrie Coun­
ty the lime in the type is usually within a 
depth of 2 feet.
Much of the type is found on slopes which 
are too steep for cultivation, and they are 
used for pasture and hay. On these areas 
the land is subject to erosion, and gullying 
will occur if the land is cultivated. On the
cultivated areas general farm crops are grown, and the yields are much the 
same as on the Tama silt loam. The land would be benefited materially by 
applications of farm manure or the turning under of legumes as green manures 
to build up the supply of organic matter and make the soil more productive. 
Sometimes liming is necessary to provide for the best growth of legumes, and 
the soil must be tested to determine the need for lime. The use of a phosphate 
fertilizer would prove of value, and tests of superphosphate are recommended.
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There are seven terrace soils in the county, classified in the Bremer, Wau­
kesha, Judson, Fargo and O’Neill series. Together they cover 6.2 percent of 
the total area.
Bremer Silt Loam (Bl) (88)
The Bremer silt loam is the largest of the terrace soils, but it is not very ex­
tensively developed in the county, covering only 1.8 percent of the total area. 
It occurs on low terraces from 4 to 8 feet above the present flood plains of the 
streams and is found developed in many areas throughout the county. The 
most extensive areas appear along the South Raccoon River in the vicinity of 
Guthrie Center and extending to the southeast along the river and below the 
junction with Brushy Fork into Jackson Township; along Bear Grove Creek 
and Seely Creek in Baker Township; and in the vicinity of Bayard in Highland 
Township. Numerous small areas of the soil occur along various other streams 
and in other parts of the county.
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Fig. 7. Oats on Bremer silt loam; Shelby loam and Tama silt loam in background.
The surface soil of the Bremer silt loam is a black heavy silt loam extending 
to a depth of about 12 inches. From 12 to 24 inches there is a dark grayish- 
brown silty clay loam and from 24 to 40 inches the subsoil is a dark grayish- 
brown or gray heavy sticky silty clay loam. Below 40 inches the subsoil is a 
gray silty clay loam to silty clay mottled with brown and rusty-brown. Many 
small pockets of sandy and gravelly material occur in the subsoil below a depth 
of 50 inches. In topography the Bremer silt loam is level to slightly sloping 
towards the streams. Natural drainage is good in the smaller areas but is not 
adequate in the larger developments.
Fig. 8. Bremer terrace with Shelby loam in background.
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Practically all of this soil is under cultiva­
tion and corn is the chief crop grown. Crop 
yields compare favorably with those obtained 
on the Tama silt loam. Some of the terraces 
on this type have been in corn for 20 years 
according to reports and are still producing 
good crops. This, however, cannot continue 
and soon the yields will begin to decline, if 
steps are not taken to replace the fertility 
removed by the crops grown. The original 
natural fertility of the soil was very high and 
that accounts for the fact that good yields 
are still being obtained without any special 
treatments. The soil will be benefited by the 
proper application of farm manure to keep 
up the supply of organic matter. The use of 
lime is needed as the soil is acid in reaction.
The use of a phosphate would undoubtedly 
prove desirable, and tests of superphosphate 
and rock phosphate are urged. Increases in 
crop yields may be obtained at the present time by the use of these fertilizing 
materials, and they will be needed if the land is to be kept permanently 
productive.
Waukesha Silt Loam (W t) (75)
The Waukesha silt loam is the second largest terrace soil, covering 1.7 percent 
of the total area. It occurs on high terraces along the various streams of the 
county and their tributaries. The largest development of the type is in the 
South Raccoon River, in Penn, Jackson, Valley and Seely townships. Other
rather considerable areas occur along Brushy 
Pork of the South Raccoon River especially 
in Orange Township.
The surface soil of the Waukesha silt loam 
is a very dark grayish-brown mellow silt loam 
extending to a depth of about 15 inches. The 
upper layer of the subsurface soil to a depth 
of 25 inches is a yellowish-brown heavy silt 
loam. Below 25 inches and to a depth of 30 
inches it is a yellowish-brown light silty 
clay loam. Below 30 inches the subsoil is a 
yellowish-brown to yellow compact silty clay 
loam. The lower part of the subsoil becomes 
yellower in color and more silty in texture. 
The friable subsoil permits of good under­
drainage, and the type is adequately drained.
All of the type is under cultivation. 
General farm crops are grown. The yields 
obtained are about the same as those on the
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Tama silt loam, which the type resembles. The soil will respond to the same 
treatments which have been recommended for the Tama silt loam. The use of 
farm manure will improve the yields of crops materially and will aid in main­
taining the permanent fertility of the land. The turning under of legumes as 
green manures will also prove of value and should be practiced to supplement 
the use of farm manure or as a substitute for it. The soil is acid in reaction 
and the application of lime is necessary for all crops and especially for legumes. 
The application of a phosphate would also prove of value, and tests of super­
phosphate and rock phosphate are urged.
Judson Silt Loam (Js) (131)
The Judson silt loam is the third largest terrace soil covering 1.2 percent of the 
total area of the county. It occurs in narrow bands at the bases of slopes in the 
loessial section of the county, in general lying between the upland and the other 
terrace soils. It consists mainly of material washed down from the ridges and 
slopes and collected at the bases of the hills. It is found in many small, narrow 
areas along the South Raccoon River and Brushy Fork and in a few other places 
in the county. There are no large areas of the type.
The surface soil of the Judson silt loam is a dark grayish-brown or dark 
brown friable loam about 15 inches in depth on the average. The subsoil to a 
depth of about 3 feet is very similar to the surface soil except that it is lighter 
in color approaching a yellowish-brown, and it is somewhat heavier in texture 
being almost a heavy silt loam. There is ordinarily little difference in the 
character of the soil material in the 3-foot section. Below 3 feet the substratum 
consists of a yellowish-brown gritty silty clay mottled with gray and rusty- 
brown iron stains. In topography the soil is level to slightly undulating and 
the drainage is good.
All of the Judson silt loam is under cultivation and is used for the same crops 
which are grown on the adjacent uplands. Yields are normally satisfactory, 
being even larger than those obtained on the poorer upland types, and about 
the same as are obtained on the Tama silt loam. The soil will respond to appli­
cations of farm manure and the turning under of legumes as green manures. 
It is acid and must be limed for the best crop growth. The application of a 
phosphate would help, and tests of the two phosphates are recommended.
Fargo Silty Clay Loam (Fs) (109)
The Fargo silty clay loam is the fourth largest terrace soil, covering 0.7 per­
cent of the total area of the county. It is found in low poorly drained, flat ter­
races along Mosquito Creek and Bays Branch, and near old lake beds in the 
drift section of the county. The largest areas of the type occur northeast of 
Yale in Richland Township, west of Bagley in Dodge Township and west of 
Bayard in the northeast corner of Orange Township. There are many small 
areas of the type in other parts of the county.
The surface soil of the Fargo silty clay loam is a black friable silty clay loam 
extending to a depth of about 12 inches. From 12 to 20 inches there is a black
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silty clay. Below 20 inches and extending to 
about 40 inches there is a gray or yellowish- 
brown heavy silty clay loam with some brown 
and rusty-brown markings and some lime A. 
concretions. The subsoil below 40 inches is a 
gray or light gray silty clay or clay with 
streaks and concretions of lime. When wet B* 
the surface soil is almost black, and there is 
lime up through the surface soil in practically 
all cases. The high lime content of this soil 
is characteristic of the series. c i
When undrained, the Fargo silty clay loam 
is used for pasture land. A  rank growth of 
slough grasses covers these areas and when it 
can be cut and cured it makes a hay crop of 
some value for roughage. I f  it is to be culti­
vated it must be thoroughly drained. When c* 
this is accomplished, the growth of general 
farm crops is quite satisfactory. The yields 
of corn range from 30 to 75 bushels per 
acre, depending upon the seasonal conditions and the completeness of the drain­
age. Small grains are not so productive, as they are apt to make too rank a 
growth of straw and lodge. The yields of hay crops are high. The type needs 
drainage first of all if it is to be satisfactorily cultivated. It would then be 
benefited by a small application of farm manure in order to stimulate the pro­
duction of available plant food. Large amounts should not be applied and the 
application should not be made preceding the growing of a small grain crop. 
The use of a phosphate fertilizer would help, and tests of rock phosphate and 
superphosphate are recommended.
O’Neill Loam (Ol) (108)
The O’Neill loam is a minor type in the county, covering only 0.3 percent of 
thè area. It occurs on high terraces, 10 to 15 feet above overflow mainly along 
the streams in the drift section of the county. The largest development is 
found along the Middle Raccoon River and Willow Creek in Highland Town­
ship. Small areas are developed in other townships.
The surface soil to a depth of 12 inches is a dark grayish-brown friable loam. 
From 12 to 24 inches there is a yellowish-brown gritty or sandy clay loam. 
Below 24 inches the subsoil is a yellow fine sand with considerable fine gravel 
present, or a loose, porous layer of stratified sand and gravel. The drainage 
of the type is good ttf excessive, and crops are apt to be injured in dry seasons. 
The soil is drouthy. A  few small areas are not typical of the O’Neill loam but 
have been included with the type because of their small extent. In these areas 
the subsoil is often calcareous, and ordinarily the fine sand and gravel layer is 
not found in the 30-inch section but occurs much deeper. These areas are some­
what higher in fertility than the typical soil.
GGO 5ÎLTY CLAY LOAM
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O NEILL LOAM The O’Neill loam is under cultivation, and
o -I general farm crops are grown. In normal
seasons the yields are good, but in dry weather 
crops suffer much from lack of moisture. 
12- _Med.um The yield of corn in good years is about 35 
* to 40 bushels per acre, but in dry seasons the 
yields go as low as 15 to 20 bushels per acre. 
The yields of small grains and hay are corre­
spondingly low when compared with the 
yields on the better upland soils, but these 
crops are not ordinarily quite so much in­
jured by dry weather as they are harvested 
Low before the drouthy conditions become quite 
add;+.y so serious. The type needs organic matter 
especially to build up the supply and make 
it more resistant to dry weather. Liberal 
applications of farm manure and the turning
under of legumes as green manures are very $0*' •
desirable. The soil is acid in reaction and 
must be limed for legume growth and also for the best growth of other general 
farm crops. The use of a phosphate fertilizer would be of value, and tests of 
superphosphate are recommended.
O’Neill Fine Sandy Loam (Om) (110)
The O’Neill fine sandy loam is a minor type in the county, covering only 0.3 
percent of the total area. It occurs on the high terraces mainly along the 
streams in the drift section of the county, just like the O’Neill loam. The larg­
est development of the type is along the Middle Raccoon River and Willow 
Creek in Highland and Orange townships. There are also some small areas in 
other parts of the county.
The surface soil of the O’Neill fine sandy loam is a dark grayish-brown to brown 
or dark brown fine sandy loam extending to a depth of 10 to 12 inches. The sub­
soil is a yellowish-brown gritty fine sandy loam to sandy loam or sandy clay 
loam, and below 24 inches the lower subsoil is a yellow fine sand, or a loose, 
porous mixture of stratified sand and gravel.
The type is cultivated and general farm crops are grown. The yields, how­
ever, are low, owing to the drouthy character of the. soil. Corn yields are often 
as low as 15 to 20 bushels per acre. In good seasons with the soil in a better 
condition from the standpoint of content of organic matter the yields may go up 
to 35 or 40 bushels per acre. Small grains and hay crops do better than corn 
on the type, but they too are apt to be low in yield. The type is particularly in 
need of additions of organic matter, and liberal applications of farm manure 
are desirable. The turning under of legumes as green manure would also 
help. The soil is acid and in need of lime for the best growth of crops. The 
use of a phosphate would help, and tests of superphosphate are desirable.
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Bremer Silty Clay Loam (Bs) (43)
The Bremer silty clay loam is a very minor type in the county, covering only 
0.2 percent of the total area. It occurs on low terraces from 3 to 6 feet above the 
present flood plains, along the various streams of the county. There are many 
small areas of the type, but it is not extensively developed in any case. The 
largest areas are found along Willow Creek in Highland Township and along 
the Middle Raccoon River in Orange Township.
The surface soil of the Bremer silty clay loam is a dark grayish-brown to 
almost black heavy, sticky silty clay loam, extending to a depth of 15 to 18 inches. 
Below 18 to 20 inches the subsoil is a dark grayish-brown or gray heavy silty 
clay loam or clay containing streaks of brown, rusty-brown and black. The 
lower subsoil is a gray silty clay loam to silty clay mottled with brown and 
rusty-brown.
The Bremer silty clay loam is naturally poorly drained, and unless it is thor­
oughly drained it cannot be successfully cropped. On the well drained areas, 
the yields of crops are good. The type will respond to a treatment with farm 
manure, but large applications should not be made and the manure should not 
be applied just preceding the growing of a small grain crop. The use of a small 
amount will stimulate the production of available plant food and aid in crop 
production. The type is acid and must be limed for the best growth of legumes. 
It would also respond to the application of a phosphate fertilizer, and tests of 
rock phosphate and superphosphate are desirable.
SW A M P  A N D  B O TTO M L A N D  SOILS
There are three bottomland soils and these with the colluvial phase of the 
Wabash silt loam and the area of peat and muck make a total of five bottomland 
areas. Together they cover 10.6 percent of the total area. They are all clas­
sified in the Wabash series.
Wabash Silt Loam (W h ) (26)
The Wabash silt loam is the largest of the bottomland soils and the fifth 
largest individual soil type in the county, covering 8.5 percent of the total area. 
It occurs on the bottoms along practically all the streams of the county, the 
width of the flood plain depending largely upon the size of the stream. The 
largest areas of the type are found along the South Raccoon River and Brushy 
Fork, and along Middle River.
The surface soil of the Wabash silt loam is a very dark grayish-brown silt 
loam extending to a depth of about 18 inches. From 18 to 30 inches, the soil 
is a dark gray heavy silt loam to silty clay loam, and below 30 inches the sub­
soil is a gray or slate-colored silty clay loam. There are many variations in the 
texture of the surface soil and in the narrower areas, it ranges from a loam to a 
silty clay loam within short distances. In the wide areas, that part of the type 
adjacent to the streams is more sandy, while that further away from the stream 
is heavier and more silty.
Most of the Wabash silt loam is used for pasture, but some areas have been 
diked and protected from overflow and are being utilized for the growth of 
general farm crops. It is one of the best pasture soils in the county and blue-
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WABASH SILT LOAM grass grows luxuriantly and affords good pas-
on turage throughout the season. There are a
few scattered trees, cottonwood, willow, elm 
and ash on these bottomland areas. When 
corn is grown good yields are obtained. The 
soil must be protected from flooding, however, 
18 if it is to be successfully cropped. A  small
application of farm manure would help on 
m «Hum the when it is cropped, but large appli- 
so-"to. cations should not be made. The soil is acid 
in reaction and must be limed for the best 
growth of crops. The use of a phosphate fer­
tilizer would help, and tests of superphosphate 
and rock phosphate would prove desirable.
Wabash Silty Clay Loam (W a ) (48) 
The Wabash silty clay loam is the second 
largest bottomland soil in the county, and it 
«rJ covers 1.2 percent of the total area. It occurs
in a number of areas on the bottoms along the 
major streams of the county, the largest developments being along Bays Branch 
and Mosquito Creek. The channels of the two streams are very shallow, and 
in many places, the water spreads out over a wide area forming marshy ponds.
The surface soil of the Wabash silty clay loam is a very dark brown or black 
sticky silty clay loam, extending to a depth of 18 or 20 inches. This gradually 
passes into a gray sticky impervious clay loam or clay. Generally the soil is 
non-calcareous throughout the entire profile, but in a few places there is some 
lime in the lower soil layers. These areas would have been separated as La- 
moure silty clay loam if  they had been of sufficient size. There are some varia­
tions in the character of the surface soil, and in certain areas there is some muck 
on the surface. Sandy spots occasionally occur.
This soil supports a heavy growth of slough grasses, reeds and other water- 
loving plants. The better drained areas produce better grasses, and some of 
the growth is used for hay. Mostly, however, it is used for pasturage. I f  the 
land is to be cultivated it must be thoroughly drained and then protected from 
overflow. It would then be benefited by a small application of farm manure 
to increase the production of plant food, in an available form. The type is acid 
and therefore needs lime. It would also undoubtedly respond to the use of a 
phosphate fertilizer for general farm crops.
Wabash Loam (W l) (49)
The Wabash loam is a minor type in the county, covering only 0.6 percent 
of the total area. It occurs in numerous small, narrow areas along the various 
streams, being more commonly found on the bottoms of the smaller streams. 
The largest areas of the type appear in the vicinity of Casey.
The surface soil of the Wabash loam is a dark grayish-brown mellow loam, ex­
tending to a depth of 12 to 20 inches. The subsoil is a gray to grayish-brown 
heavy silty clay loam. The type is subject to overflow. It supports a good
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growth of bluegrass which provides excellent pasturage. A  few scattered trees 
and some buck brush are found on some of the bottoms.
This soil cannot be cultivated unless it is protected from overflow. Until 
this is accomplished it must serve as pasture. When protected from flooding, 
it would prove a good soil for cultivated crops. The use of a small amount of 
farm manure would help on newly drained soil and the addition of lime would 
be required to neutralize the acidity of the soil. The application of a phos­
phate fertilizer in the form of superphosphate would help.
Wabash Silt Loam (colluvial phase) (W h ) (26a)
The colluvial phase of the Wabash silt loam is of very minor occurrence in 
the county, covering 0.2 percent of the total area. It is mapped at the bases 
of slopes and in the U-shaped valleys of the streams and their tributaries, ex­
tending into the loessial uplands.
The surface soil of the type is a very dark brown heavy silt loam or light silty 
clay loam, extending to a depth of 24 to 30 inches. The subsoil is a dark brown 
or grayish-brown silty clay loam or clay loam. The dark color of the soil often 
extends for 4 to 5 feet. The soil is formed by washing down of materials from 
the silty slopes and the accumulation in the valleys. The natural drainage is 
not always adequate, and some drainage improvements have been made. The land 
is naturally fertile and when well drained is quite satisfactorily productive. It 
will be benefited by the application of farm manure. The use of lime is needed 
to correct the acidity of the soil and the application of a phosphate fertilizer 
would certainly help.
Peat and Muck (21)
There is a small area of peat and muck in the county, covering 0.1 percent 
of the total area. A  few areas occur in sections 23 and 26 of Dodge Township 
and are indicated on the map by swamp symbols.
The surface soil is usually a brown material showing the slightly decomposed 
plant remains, or peat, or it is a black more or less finely divided organic mat­
ter, showing more decomposition and called muck. The material in the center 
of the deposits usually is peat, and the muck occurs around the edges. The 
surface layer varies in depth from 20 inches to 1 or 2 feet and is underlaid by 
a drab colored clay or clayey material.
Drainage is the first treatment needed to make these areas suitable for cul­
tivation. Then they would be benefited by fall plowing, deep plowing and 
proper cultivation. Timothy and alsike clover make a good crop for newly 
drained areas. The crop is used for pasture. When partly decomposed, be­
coming muck, general farm crops make good yields and truck crops are suc­
cessfully grown with proper fertilization. The application of superphosphate 
or muriate of potash or both will aid materially in making these areas of drained 
and decomposed peat productive. At present the areas in this county are not 
drained, and they are used entirely for pasture.
R E SID U AL SOILS
There is one residual soil in the county, the Crawford loam, which covers 0.2 
percent of thé total area of the county.
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Crawford Loam (Cr) (212)
The Crawford loam occurs only in a few areas along the Middle Raccoon River 
in Jackson Township and along the South Raccoon River in Penn Township. 
It is a soil derived from a combination of drift material and residual material 
from limestone rock. In topography it is very hilly or broken, and natural 
drainage is excessive.
The surface soil of the Crawford loam is a brown to dark brown loam to a 
depth of 6 to 8 inches. This rests on a reddish-brown heavy, waxy, compact 
clay which in turn rests on the limestone bedrock. The limerock outcrops at 
the base of all slopes.
The type supports a growth of trees and a dense growth of underbrush. It 
is of little value as pasture land. It is so steep that livestock find it difficult to 
graze the areas. It is of practically no value agriculturally.
APPENDIX
THE SOIL SURVEY OF IOWA
What soils need to make them highly productive and to keep them so, and how their needs 
may be supplied, are problems which are met constantly on the farm today.
To enable every farmer to solve these problems for his local conditions, a complete survey 
and study o f the soils o f the state has been undertaken, the results of which will be published 
in a series o f county reports. This work includes a detailed survey o f the soils o f each county, 
following which all the soil types, streams, roads, railroads, etc., are accurately located on a 
soil map. This portion o f the work is being carried on in cooperation with the Bureau o f Soils 
o f the United States Department o f Agriculture.
Samples o f soils are taken and examined mechanically and chemically to determine their 
character and composition and to learn théir needs. Pot experiments with these samples are 
conducted in the greenhouse to ascertain the value of the use o f manure, fertilizers, lime and 
other materials on the various soils. These pot tests are followed in many cases by field ex­
periments to check the results secured in the greenhouse. The meagerness o f the funds avail­
able for such work has limited the extent o f these field studies, and tests have not been possible 
in each county surveyed. Fairly complete results have been secured, however, on the main types 
in the large soil areas.
Following the survey, systems o f soil management which should be adopted in the various 
counties and on the different soils are worked out, old methods o f treatment are emphasized as 
necessary or their discontinuance advised, and new methods o f proved value are suggested.
SOILS GROUPED BY TY PE S
The general groups o f soils by types are indicated thus by the Bureau of Soils.
P e a t s — Consisting o f 35 percent or more of organic matter, sometimes mixed with more or 
less sand or soil.
P e a t y  L o a m s — 15 to 35 percent organic matter mixed with much sand and silt and a little 
clay.
M u c k s — 25 to 35 percent o f partly decomposed organic matter mixed with much clay and 
some silt.
C l a y s — Soils with more than 30 percent clay, usually mixed with much silt; always more 
than 50 percent silt and clay.
S i l t y  C l a y  L o a m s — 20 to 30 percent clay and more than 50 percent silt.
C l a y  L o a m s — 20 to 30 percent elay and less than 50 percent silt and some sand.
S i l t  L o a m s — 20 percent clay and more than 50 percent silt mixed with some sand.
L o a m s — Less than 20 percent clay and less than 50 percent silt and from 30 to 50 percent sand.
S a n d y  C l a y s — 20 percent silt and small amounts o f clay up to 30 percent.
F i n e  S a n d y  L o a m s — More than 50 percent fine sand and very fine sand mixed with less than 
25 percent very coarse sand, coarse sand and medium sand, much silt and a little clay; 
silt and clay 20 to 50 percent.
S a n d y  L o a m s — More than 25 percent very coarse, coarse and medium sand; silt and clay 20 
to 50 percent.
V e r y  F i n e  S a n d — More than 50 percent fine sand and less than 25 percent very coarse, coarse 
and medium sand, less than 20 percent silt and clay.
F i n e  S a n d — More than 50 percent fine sand and less than 25 percent very coarse, coarse 
and medium sand, less than 20 percent silt and clay.
S a n d — More than 25 percent very coarse, coarse and medium sand, less than 50 percent 
fine sand, less than 20 percent silt and clay.
C o a r s e  S a n d — More than 25 percent very coarse, coarse and medium sand, less than 50 percent 
o f other grades, less than 20 percent silt and clay.
The common soil constituents may be given as follows : f
_ . , ,  xx S All partially destroyed or decomposed
Organic Matter j vegetable and animal matter.
Î Stones— over 32 mm.*Gravel— 32— 2.0 mm.
Very coarse sand— 2.0— 1.0 mm.
Coarse sand— 1.0— 0.5 mm.
Medium sand— 05.— 0.25 mm.
Fine sand— 0.25— 0.10 mm.
Very fine sand— 0.10— 0.05 mm.
Silt— 0.05— 0.00 mm.
* 25mm. equals 1 in. t Bureau of Soils Handbook.
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G r a v e l l y  L o a m s — 25 to 50 percent very coarse sand and much sand and some silt.
G r a v e l s — More than 50 percent very coarse sand.
S t o n y  L o a m s — A  large number of stones over 1 inch in diameter.
M E TH O D S USED IN  T H E  SO IL SU R VEY
It may be of some interest to state briefly the methods which are followed in the field in sur­
veying the soils.
As has been indicated, the completed map is intended to show the accurate location and 
boundaries, not only o f all soil types, but also of the streams, roads, railroads, etc.
The first step, therefore, is the choice o f an accurate base map, and any official map o f the 
county may be chosen for this purpose. Such maps are always checked to correspond cor­
rectly with the land survey. The location of every stream, road and railroad on the map is 
likewise carefully verified and corrections are frequently necessary. When an accurate base 
map is not available the field party must first prepare one.
The section is the unit area by which each county is surveyed and mapped. The distances 
in the roads are determined by an odometer attached to the vehicle, and in the field by pacing, 
which is done with accuracy. The directions o f the streams, roads, railroads, etc., are de­
termined by the use o f the compass and the plane table. The character of the soil types is 
ascertained in the section by the use o f the auger, an instrument for sampling both the surface 
soil and the subsoil. The boundaries o f each type are then ascertained accurately in the section 
and indicated on the map. Many samplings are frequently necessary, and individual sections 
may contain several soil types and require much time for mapping. In other cases, the entire 
section may contain only one soil type, which fact is readily ascertained, and in that case 
mapping may proceed rapidly.
When one section is completed, the party passes to the next section and the location of all 
soil types, streams, etc., in that section is then checked with their location in the adjoining area 
just mapped. Careful attention is paid to the topographic features o f the area, or the “lay of 
the land,”  for the character of the soils is found to correspond very closely to the conditions 
under which they occcur.
The field party is composed o f two men, and all observations, measurements and soil type 
boundaries are compared and cheeked by each man.
The determinations of soil types are verified also by inspections and by consultation with 
those in charge o f the work at the Bureau o f Soils and at the Iowa Agricultural Experiment 
Station. When the entire county is completed, all section maps or field sheets are assem­
bled and any variations or questionable boundaries are verified by further observations of the 
particular area.
The completed map, therefore, shows as accurately as possible all soils and soil boundaries, 
and it constitutes also an exact map of the county.
Map of Iowa showing the counties surveyed.
